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BENEFICIATION OF SOUTH CAROLINA SILLIMANITE SCHISTS* 


By Cart Rampacek, B. H. CLEMMoNS, AND J. BRUCE CLEMMER 


ABSTRACT 


Laboratory batch and pilot-plant tests have demonstrated that the South Carolina 
sillimanite schists are amenable to beneficiation by recognized mineral-dressing methods 
Flotation tests on a number of small samples indicate that the schists containing pris- 
matic sillimanite respond more readily to treatment than those containing fibrous silli- 


manite. 


Batch testing of the small samples was supplemented by continuous trial runs in the 


laboratory pilot plant on a schist from the Pelzer, South Carolina, area. 


The schist, con- 


taining 17°; prismatic sillimanite, was ground to 20-mesh and concentrated by a com- 
bination of tabling and flotation supplemented by magnetic separation of the concen- 


trates. 


In an average test, 82°7 of the sillimanite was recovered in concentrates which 


contained 99°; sillimanite and 1.04; total ferric oxide. 
The concentrates were tested at the Electrotechnical Laboratory of the Bureau of 


Mines, Norris, Tennessee, for refractory properties. 


Standard-size brick made from the 


concentrates met A.S.T.M. and the more severe Navy reheat-test specifications for super- 


duty refractories 


|. Introduction 

On heating to high temperature, sillimanite inverts to 
mullite and silica without appreciable change in volume. 
Despite the excellent ceramic properties of sillimanite, 
the high cost of imported Indian sillimanite and the 
nonavailability of domestic material of the size and 
purity desired have vitiated trade use of the mineral. 

The recent mapping of large bodies of sillimanite 
schist in the Piedmont Plateau in South Carolina and 
Georgia by the Bureau of Mines' has aroused con- 
siderable interest in the schists as a possible source of 
domestic sillimanite for the refractories and porcelain 
trades. The deposits, which are rather extensive, are 
described by Hudson as follows: 

Twenty bodies of sillimanite schist, all nearly parallel, 
extend in conformity with the northeasterly trend of the 
Piedmont Plateau from near Talbottom, Ga., to the 


neighborhood of Spartanburg, S. C. They comprise a 
belt 30 miles wide and 250 miles long. The individual 


* Forty-Seventh Annual Program, The American Ce- 
ramic Society, 1945 (Materials and Equipment Division, 
No. 11). Received March 26, 1945. 

This paper is published by permission of the director, 
Bureau of Mines, U. S. Department of the Interior. The 
authors are, respectively, associate physical chemist, as- 
sociate chemist, and senior metallurgist at the Southern 
Experiment Station, Bureau of Mines, Tuscaloosa, Ala 

1W.C. Hudson, ‘‘Sillimanite Find in South Proves Im- 
portant,”’ Eng. Mining Jour., 145 [9] 81 (1944); Ceram 
Abs.,23 [11] 199 (1944). 


bodies range in width from a few feet to 200 ft. More 
than 150 exposures, nearly all on road banks, have been 
mapped by the author. The deposit that to date shows 
the most uniform content of sillimanite lies about 2 miles 
east of Pelzer and Greer in South Carolina. It has an 
average width of about 200 ft. and is known to have a 
length of at least 40 miles. 

Laboratory batch-flotation tests were made on 
several small samples from various deposits in South 
Carolina and Georgia to determine the utility of flota- 
tion methods for the recovery of high-grade concen- 
trates. Various reagents were emploved under different 
conditions to study trends and to determine the 
optimum conditions for flotation of the sillimanite and 
retardation of the siliceous and ferruginous gangue ma- 
terials. The results of the preliminary flotation tests 
were sufficiently encouraging to warrant more c »mpre- 
hensive testing of a larger sample of schist in the labora- 
tory pilot plant. 

The purpose of this report is to describe the con- 
centration methods emploved and to summarize the 
results obtained on a sample from the Pelzer, South 
Carolina, area. Brief mention will also be made of the 
results of ceramic tests on the pilot-plant corcentrates. 
More detailed information on this phase of the investi- 
gation will be published in a later paper. 


ll. Physical Nature of the Sillimanite Schists 
The sillimanite schist samples taken from road banks 
and railway cuts were soft and friable due to weather- 
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ing and contained a trace to as much as 20% of silli- 
manite associated with biotite, muscovite, quartz, and 
clayey material, with minor quantities of accessory 
gangue minerals, including limonite, hematite, garnet, 
and graphite. The samples contained either fibrous or 
prismatic sillimanite. The fibrous sillimanite occurred 
as needles substantially finer than 65-mesh or as aggre- 
gates of the needles interlocked with siliceous and ferru- 
ginous gangue. The prismatic sillimanite in some of the 
samples was as coarse as 20-mesh. The schists contain- 
ing fibrous sillimanite required finer grinding to liberate 
the mineral than the prismatic sillimanite schist. 


Ill. Laboratory Batch Concentration Tests 
(1) Flotation of Sillimanite 

Relatively little information has been published on 
the flotation of sillimanite. Engel and Shelton? em- 
ployed both anionic and cationic collectors for flotation 
of the sillimanite, but oleic acid gave best results. Ina 
typical test, they recovered 90°; of the sillimanite in a 
concentrate which assaved 6.249 ferric oxide and con- 
tained an estimated (petrographic) 95°% sillimanite. 
The results of preliminary concentration tests on a 
South Carolina schist have been described by Hudson.'! 
The sample from the Pelzer area was ground to pass 42- 
mesh and was concentrated by tabling and flotation. 
The combination of methods yielded an 88.3% re- 
covery of the sillimanite in concentrates containing 
98% sillimanite and less than 1° iron oxide. 

In view of the meager information available on silli- 
manite flotation, comparative tests were made to de- 
termine the optimum conditions for flotation of silli- 
manite and retardation of the siliceous and ferruginous 
gangue. Flotation of the sillimanite was effected by 
employing either cationic or anionic collecting agents in 
conjunction with various auxiliary addition agents to 
retard the gangue materials. Although cationic flota- 
tion failed to give as good results as anionic flotation, 
the method deserves brief mention. 

The development and use of cationic collectors, such 
as dodecylamine hydrochloride, trimethyl cetyl am- 
monium bromide, or similar organic compounds which 
contain the hydrocarbon groups in the positive ion, are 
described in a publication by Dean and Ambrose.’ 
Despite the excellent results achieved by cationic flota- 
tion of various silicate minerals from nonsulfide 
metallic and nonmetallic ores, cationic collectors have 
limitations. They are relatively expensive and are not 
particularly effective for the flotation of granular ma- 
terial from slime-bearing pulps. Presence of slime in the 
flotation pulp induces formation of an undesirable, 
voluminous froth which is difficult to handle. Thor- 
oughly deslimed pulps are obligatory for satisfactory 
flotation. 

Moderately good flotation of sillimanite was achieved 
from deslimed pulps by employing a two-step procedure. 
The muscovite and part of the biotite were first floated 

*A.L. Engel and S. M. Shelton, ‘“‘Ore-Testing Studies, 
1939-1940,"" Bur. Mines Rept. Invest., No. 3564, pp. 25-26 
(1941). 

*R. S$. Dean and P. M. Ambrose, ‘‘Development and 


Use of Certain Flotation Reagents,’’ Bur. Mines Bull., 
No. 449, 89 pp. (1944); Ceram. Abs., 23 [8| 146 (1944). 
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TABLE I 


BATCH-FLOTATION TEST ON SoutH CAROLINA SILLI- 


MANITE SCHIST 


Sillimanite 
Petro- 
graphic Distri- 
Weight analysis bution 
Product (%) (%) (%) 
Sillimanite concentrate 16.1 99.0 92.1 
Sillimanite middling 6.1 11.0 3.6 
Sillimanite rougher concen- 
trate 22.2 75.0 95.7 
Tailing 70.1 1.0 4.1 
Composite granular portion 
(+20 92.3 18.7 99.8 
Slime (—20 0.5 0.2 
Composite feed 100.0 17.3 100.0 
Reagents (lb./ton of schist) 
Flotation 
De- Condi- Cleaners 
Reagent sliming tioner Rougher Ist 2d 3d 
Caustic soda 1.5 
Sodium sili- 
cate 1.0 
Tetrasodium 
pyrophos- 
phate 0.40 0.04 0.04 0.04 
Oleic acid 0.96 0.08 0.08 0.08 
Frother B-23 0.04 0.04 0.04 
Time (min- 
utes) 5 2.5 2.5 3.5 3.8 
Pulp (pH) 7.9 aoe 7.5 7.6 7.5 


by using a moderate quantity of a cationic collector in 
conjunction with sufficient sulfuric acid to establish a 
pulp pH of 2.5 to 3.0 and retard the sillimanite tem- 
porarily. The sillimanite was then floated by subse- 
quent addition of more collector while retarding the 
gangue with hydrofluoric acid. Enough hydrofluoric 
acid to establish a pulp pH of 2.0 to 2.5 permitted 
effective retardation of the quartz but completely failed 
to retard the remaining biotite. Magnetic separation 
of the concentrates was necessary to reject the biotite 
and yield a low-iron product. Cationic flotation of silli- 
manite is not attractive owing to the high cost of 
reagents and the involved flotation procedure. 

Anionic flotation of sillimanite from the schists in- 
variably gave better results than cationic flotation. 
Anionic collectors, such as the long-chain fatty acids, 
resin acids, soaps, and similar organic compounds in 
which the hydrocarbon groups are in the negative ion, 
may be employed for the flotation of sillimanite. They 
are less expensive than cationic collectors, and the 
sillimanite may be floated directly from neutral or 
slightly alkaline pulps containing substantial quantities 
of slime. Oleic acid proved more effective than the 
resin acids or soaps and was the preferred collector. 
Flotation of sillimanite from muscovite and quartz 
was readily achieved, but the rejection of biotite and 
garnet was more difficult. A moderate quantity of an 
addition agent, such as tetrasodium pyrophosphate or 
sodium metaphosphate, adequately retarded the ferru- 
ginous gangue during flotation of the sillimanite. An 
optumum quantity of collector and addition agent 
facilitated a good recovery of high-grade concentrates 
relatively free of ferruginous materials. 
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Batch-flotation tests were made on a typical sample 
of sillimanite schist from the Pelzer area to study trends 
in flotation and to determine the optimum conditions 
for recovery of high-grade concentrates. The sample 
contained about 17° of prismatic sillimanite, some of 
which was as coarse as 28-mesh. No attempt was made 
to recover the sillimanite at the coarsest possible size as 
trends only were sought. The results of an average 
test on the sample, using oleic acid as the collector and 
tetrasodium pyrophosphate as the gangue depressant, 
are given in Table I. The schist was stage-ground in a 
pebble mill to pass 65-mesh to insure complete libera- 
tion of the sillimanite. The ground charge was dis- 
persed with caustic soda and sodium silicate and frac- 
tionated at 20) microns by sedimentation and decanta- 
tion to reject the slime. The slime fraction was pre- 
dominately clay and substantially free of sillimanite. 
The granular portion was subsequently treated by 
flotation employing the reagent charge as indicated. 
The sillimanite content of the various products was ad- 
judged by petrographic methods, and the ferric oxide 
was determined chemically. Petrographic analysis 
proved sufficiently accurate to indicate trends in the 
various tests. 

In the recorded test, the concentrate contained 99°% 
sillimanite and had a tenor of 1.01°% total Fe.O; and 
0.59% acid-soluble Fe,O;. The concentrate repre- 
sented a recovery of 92.1°7 of the sillimanite; an addi- 
tional 3.6°% of sillimanite was reported in the middling; 
and the indicated recovery in the roughing operation 
was 95.7°%. 

Comparative batch tests were made on the sample, 
employing various addition agents to give a dispersed 
pulp for flotation and to retard the siliceous and ferru- 
ginous gangue. Several of the reagents showed promise, 
whereas others were relatively noneffective. The sum- 
marized results of the tests are given in Table II. The 
tests were made by the procedure previously described. 

Of the addition agents tested, tetrasodium pyro- 
phosphate proved most effective for retardation of the 
mica, quartz, and ferruginous materials, The quantity 
of pyrophosphate emploved vitally influenced the 
separation. A deficiency of phosphate permitted flota- 
tion of ferruginous gangue, whereas an excess retarded 
the sillimanite and resulted in a low recovery. The 
optimum quantity of pyrophosphate varied for different 


TABLE II 
GRADE AND RECOVERY OF SILLIMANITE CONCENTRATES 
FROM COMPARATIVE TESTS EMPLOYING VARIOUS ADDITION 


AGENTS 
Sillimanite 
Petro- Assay 
graphic total Re- 
analysis Fe:Os covery 
Addition agent (Ib./ton) (%) (%) (%) 
None 89 3.12 86.0 
Tetrasodium pyrophos- 
phate 0.40 99 1.01 92.1 
Sodium hexametaphos- 
phate 0.40 96 0.74 95.5 
Boiled potato starch 2.00 98 1.62 88.4 
Sodium silicate 2.00 97 1.40 98.0 
Calcium lignin sulfate 2.00 93 98.0 
Dextrin 2.00 94 93.5 
Sodium metaborate 0.40 QS 1.57 89.0 
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Fic. 1.—Influence of quantity of tetrasodium pyrophos- 
phate on flotation; curve A, percentage recovery of silli- 
manite in concentrates; curve B, assay percentage (petro- 
graphic) of sillimanite in concentrates; curve C, assay 
percentage of Fe,O, in concentrates 


ores, depending on the hydrogen-ion concentration of 
the pulp and the quantity of collector employed. The 
deleterious effect of a moderate excess of pyrophosphate 
could be overcome by use of additional collector with 
out greatly impairing selectivity. The influence of 
varying quantities of pyrophosphate on the grade and 
recovery of concentrates is shown in Fig. 1. The com- 
parative tests were made on deslimed charges of the 
finely ground schist, employing oleic acid (0.96 Ib. 
per ton) as the collector at a pulp pH of about 8.0. 
Sodium metaphosphate and hexametaphosphate were 
also effective for retarding ferruginous gangue in silli- 
manite flotation. Although good flotation of sillimanite 
was achieved when the metaphosphates were used, 
sillimanite was more sensitive to small variations in the 
quantities employed than when the pyrophosphates 
were used. An optimum quantity of either the meta- 
phosphate or the pyrophosphate allowed rapid and com- 
plete flotation of the sillimanite in compact, heavily 
mineralized froths. In addition to the phosphates, 
other addition agents listed in Table II could be em- 
ployed to retard the gangue. Good results were ob- 
tained in the batch tests, but the rougher froths were 
inclined to be somewhat sensitive to cleaning, and sub- 
sequent addition of collector was necessary in each 
cleaning step to maintain flotation of the sillimanite. 
Other tests showed that sillimanite was moderately 
sensitive to variation in the pH of the pulp. When 
tetrasodium pyrophosphate was used as the gangue de 
pressant, a pulp pH of about 8.5 appeared to be opti 
mum. Acceptable-grade concentrates, both as to the 
sillimanite and iron content, were obtained in the pH 
range of 7.5 to 9.0, but higher or lower pH resulted in a 
decreased recovery of sillimanite. The influence of pH 
on the grade and recovery of concentrate when tetra 
sodium pyrophosphate (0.8 Ib. per ton) was used as the 
addition agent is shown in Fig. 2. The tests were made 
on deslimed charges of the ground schist with the pro 
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centage recovery of sillimanite in concentrates; curve B, 
assay percentage (petrographic) of sillimanite in concen- 
trates; curve C, assay percentage of Fe,O; in concentrates. 


cedure previously described. The desired pH was es- 
tablished with sulfuric acid or caustic soda, and oleic 
acid (0.96 lb. per ton) was employed as the collector. 
The influence of the quantity of collector (oleic acid) 
on the grade and recovery of concentrate is shown in 
Fig. 3. Tetrasodium pyrophosphate (0.8 lb. per ton) 
was employed as the depressant, with caustic soda to 
give a pulp pH of about 8.5. The results of the tests are 
enlightening. Although variation in the quantity of 
collector materially influences the percentage recovery 
of sillimanite, the concentrates are of about equal grade. 
On finely ground charges, pyrophosphate effectively 
retards the ferruginous gangue even though an excess of 
collector may be employed. 

The results of the flotation tests previously described 
are typical of those obtained on finely ground schists 
containing prismatic sillimanite. When moderate care 
was exercised in control of the reagents, there was 
no difficulty in obtaining a fairly good recovery of the 
sillimanite in a concentrate relatively free of ferruginous 
material. The schists containing fibrous sillimanite ex- 
hibited similar deportment in flotation, but the recovery 
of sillimanite was somewhat lower due to loss of the 
mineral in the slime. Fibrous sillimanite, on grinding 
to flotation size, has a greater tendency to slime than 
does the prismatic type. 

Batch-flotation tests were made on a number of small 
samples of schist from various prospects in South 
Carolina and Georgia to determine the grade and yield 
of recoverable concentrates. The samples contained 
either prismatic or fibrous sillimanite. The results of 
flotation tests on several of the samples are sum- 
marized in Table III. 

The schists containing prismatic sillimanite are 
liberated at a coarser size than those containing fibrous 
sillimanite. As previously mentioned, no attempt was 
made in the preliminary flotation tests to recover the 
sillimanite at a coarse size, as trends only were sought. 
With the results of these tests as a guide, additional 
tests were then made in the attempt to float coarse 
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curve 4, percentage recovery cof silli.nanite in concentrates: 
curve B, assay percentage (petrographic) of sillimanite in 
concentrates; curve C, assay percentage of Fe,O,; in con- 
centrates 


sillimanite. A sample of schist from the Pelzer area 
was selected for the trials. The schist was stage-ground 
to pass 28-mesh and was deslimed for flotation. Al- 
though sillimanite as coarse as 2S-mesh was satis- 
factorily floated in the batch tests, precise control of the 
reagents was necessary. Inability to retard biotite and 
garnet completely during flotation of coarse sillimanite 
is an inherent limitation of the flotation method. A 
deficiency of oleic acid or a moderate excess of tetra- 
sodium pyrophosphate facilitated flotation of high- 
grade concentrates, but the sillimanite recovery was low. 
The coarse sillimanite was sensitive to cleaning. Con- 
versely, an excess of oleic acid or a deficiency of tetra- 
sodium pyrophosphate gave higher recoveries of silli- 
manite, but the concentrates were lower in grade due to 
incomplete rejection of biotite and garnet. Magnetic 
separation of the concentrates to remove the biotite and 
garnet left a low-iron product. Because of the precise 
reagent-balance required, all-flotation of coarse silli- 
manite is less attractive than a combination of flotation 
and magnetic separation. 

A typical test on the Pelzer sample, ground to 28- 
mesh and deslimed for flotation, gave a 74.3; recovery 
of sillimanite in a concentrate containing 95°@ silli- 
manite and assaying 1.16; total ferric oxide. A similar 
test in which more oleic acid was employed gave an 
84.6°7 recovery of sillimanite in a concentrate which 
contained sillimanite and assaved total 
ferric oxide. 


(2) Tabling and Flotation 


Tests demonstrated that classification and tabling 
would not vield sillimanite concentrates of finished 
grade. Tabling proved useful, however, for rejecting 
a mica-quartz tailing and gave a sillimanite-enriched 
product which could be treated by flotation. Batch 
tests were made on unground portions of the table con- 
centrate. The free sillimanite floated readily and there 


was no difficulty in obtaining a moderately good re- 
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TABLE III 
BATCH FLOTATION OF VARIOUS SILLIMANITE SAMPLES 


Sample 


Source Sillimanite Sillimanite 
(%) (variety) 


Greenville County, S.C., 2.1 
miles east of Pelzer 17 Prismatic 
Greenville County, S. C., 0.6 


mile northwest of Taylor 6 Fibrous 
sreenville County, S. C., 1.2 

miles northwest of Taylor 8 ” 
Spartanburg County, S. C., 

2.5 miles southeast of Greer 12 ™ 


Spartanburg County, S. C., 
2.5 miles southeast of 
Greer on highway route 
101 8 = 
Spartanburg County, S. C., 
south city limits of Greer 
on highway route 101 
Hart County, Ga., composite 
of samples from two locali- 
ties in southwestern part 
of county 15 Prismatic 


Hart County, Ga., 3.5 miles 
northeast of Bowman 


15 
covery of high-grade sillimanite concentrate. The 
locked sillimanite grains were retarded with the biotite, 
garnet, and quartz. The optimum pH for flotation of 
the coarse sillimanite was 8.5, and oleic acid was the pre- 
ferred collector. Tetrasodium pyrophosphate was used 
as the depressant. The pyrophosphate required for 
flotation of the table concentrate was somewhat less 
than that when the schist was treated. 

An average test on the unground table product gave 
a flotation concentrate which contained 98° silli- 
manite and 1.64% total FesO; and accounted for a 
recovery of 85% of the sillimanite. Subsequent mag- 
netic separation of the flotation concentrate yielded a 
nonmagnetic product containing 99% sillimanite and 
().92°% total Fe,O;; about of the sillimanite reported 
in the magnetic fraction. 


IV. Laboratory Pilot-Plant Tests 

Tests were made to develop a satisfactory flowsheet 
for recovering the sillimanite at the coarsest possible 
size in concentrates containing a minimum of 95% 
sillimanite and assaying not more than 1% total ferric 
oxide. Another purpose was to recover sufficient quan- 
tities of concentrates for ceramic testing at the Bureau 
of Mines Electrotechnical Laboratory, Norris, Tenn. 

A 4-ton sample of schist from a deposit about two 
miles east of Pelzer, Greenville County, was obtained 
for pilot-plant testing. The sample was a weathered 
schist containing about 17°) of prismatic sillimanite. 
Mica, in various stages of alteration, and quartz were 
the predominate gangue minerals. Minor quantities 
of limonite, hematite, ilmenite, and garnet were also 
present. A petrographic analysis of the head sample 
showed the following percentage weight composition: 
sillimanite 17.0, biotite (including ferruginous minerals 
such as limonite, hematite, ilmenite, etc.) 61.0, quartz 
18.0, and garnet, tremolite, etc. 4.0. 

The petrographic exantination showed only a few 
sillimanite grains as coarse as 2S-mesh and relatively 
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Sillimanite concentrates 


Sillimanite Total Fe:0: Sillimanite 
(%) (%) (%) 
98 1.15 80.0 
94 1.61 76.4 
97 1.27 56.3 
90 1.47 76.0 
95 0.79 73.3 
95 1.60 65.0 
99 1,00 87.2 
99 0.90 94.0 


little coarser than 35-mesh, The sillimanite in the 28- 
to 35-mesh fraction contained small attachments of 
biotite and other ferruginous materials. Most of the 
sillimanite was free at 48-mesh, but a number of the 
“free’’ sillimanite grains contained finely disseminated 
inclusions of ferruginous material which could not be 
liberated except by grinding to finer than 200-mesh. 
Fortunately, these inclusions were not sufficiently 
abundant to increase materially the iron content of the 
sillimanite concentrates recovered for the ceramic tests. 

The flowsheet selected as best fitted for pilot-plant 
testing of the schist to recover coarse concentrates is 
shown in Fig. 4 and embraces ball-mill grinding, tabling, 
and flotation. The units were operated concurrently as 
a miniature-scale plant, treating about 150 lb. of dry feed 
per hour. The flotation concentrates collected during 
the trial runs were subsequently filtered in batches, 
dried, and separated magnetically to reject the ferrugi 
nous contaminants and yield a finished product for 
ceramic tests. 

The schist was dry crushed in a hammer mill and rolls 
to pass */gin. The dry feed was withdrawn from the 
hopper by a constant-weight feeder for ball-mill grind 
ing. The conical ball mill was operated in closed circuit 
with a 20-mesh vibrating screen. The undersize was de- 
watered in a rake classifier, and the rake product was 
tabled to reject a tailing and recover an enriched silli- 
manite product, which was dewatered and sent to flota- 
tion. The table middlings were dewatered and re- 
turned to the ball mill for regrinding along with the 
screen oversize. The dewatered table concentrates were 
conditioned and then floated in a 6-cell flotation unit 
consisting of three rougher cells and three cleaner cells. 
The overflows from the rake classifier and dewatering 
spirals contained insufficient sillimanite to justify treat- 
ment, and they were sent to waste. 

The results of a typical pilot-plant test employing the 
flowsheet (Fig.4) are given in Table IV. The feed rate 
was 138 lb. per hour. The ball mill, charged with 42 Ib 
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Fic. 4.—Pilot-plant flowsheet for concentrating sillimanite. 
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of balls of assorted sizes, was operated at 25 r.p.m. to dis- 
integrate the relatively soft schist without materially 
reducing the size of the sillimanite. The circulating 
load to the ball mill was 16.0%, of which 10.8% was 
table middlings and 5.2% screen oversize. Rake classi- 
fication of the screen undersize gave an overflow sub- 
stantially finer than 200-mesh which was relatively free 
of sillimanite. Tabling the rake product yielded a 
concentrate containing 39.2% of sillimanite and ac- 
counted for 91.0% of the sillimanite i in the schist. The 
table middling contained 8.3% sillimanite and the tail- 
ing 3.0% sillimanite. The combined overflows from 
dewatering the table concentrates and middlings con- 
tained only a trace of sillimanite. 

The table concentrate was conditioned with the 


quantities of caustic soda (commercial lye), tetra- 
sodium pyrophosphate, and oleic acid as indicated in 
Table IV. The rougher froth was triple cleaned, em- 
ploying a small quantity of frother and pyrophosphate 
in the final cleaner. Tap water of moderate hardness 
was used throughout the circuit. No attempt was made 
to recover the water for re-use. 

Flotation of sillimanite from the table concentrate 
was readily achieved by employing oleic acid as the col- 
lector and tetrasodium pyrophosphate as the gangue de- 
pressant. The flotation concentrate contained 97.0% 
(petrographic) sillimanite and represented a recovery of 
84.1% of the sillimanite in the schist. Chemical 
analysis of the concentrate gave 60.4% AlOs, 37.4% 
SiOe, 0.27% TiOs, 1.72% total and 1.0% acid- 
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TABLE IV 
PILoT-PLANT TEST ON SILLIMANITE SCHISTS TREATING TABLE CONCENTRATE BY FLOTATION 
Assay (%) 
Sillimanite Acid- was Sillimanite 
Weight petrographic Total soluble distribution 
Product (%) anal. (%) Fe:O; (%) 
Flotation concentrate 15.6 97.0 1.72 1.00 84.1 
Rejects 
Flotation tailing 26.0 §.3 7.7 
Table tailing 45.0 3.0 7.5 
Composite overflows of dewatering spirals 2.2 —1.0 0.1 
Rake-classifier overflow 11.2 —1.0 0.6 
Composite rejects 84.4 3.4 15.9 
Composite feed 100.0 18.0 100.0 
Magnetic separdtion of pilot-plant flotation concentrate 
Nonmagnetic portion (sillimanite concentrate) 14.9 99.0 1.04 0.50 82.0 
Magnetic reject 0.7 48.0 15.51 11.10 2.1 
Composite flotation concentrate 15.6 97.0 1.72 1.00 84.1 
Reagents (Ib./ton pilot-plant feed) 
Cleaners 
Reagent Conditioner Rougher Ist 2d 3d 
Caustic soda 0.06 
Tetrasodium pyrophosphate 0.07 0.03 
Oleic acid 0.50 
B-23 frother 0.05 
Pulp pH 7.5 7.6 7.8 7.8 7.8 


soluble Fe,O;. The theoretical sillimanite content 
calculated on the basis of the alumina content was 
5.0%. The flotation concentrate was subsequently 
separated magnetically by methods later described, and 
the data are included in Table IV. A complete per- 
centage chemical analysis of the nonmagnetic silli- 
manite concentrate gave 61.1 Al,O3, 37.6 SiO., 0.23 
TiO,, 1.04 total Fe,O3, and 0.50 acid-soluble Fe.Q;. 
The theoretical sillimanite content of the product cal- 
culated on the basis of the alumina assay was 97.1%. 
A percentage chemical analysis of the magnetic reject 
gave 46.2 33.3 SiOQe, 1.08 TiOs, 15.5 total Fe.Os, 
and 11.1 acid-soluble Fe,Os. 

The flotation tailing in the test contained 5.3°% silli- 
manite and accounted for a loss of 7.70% of the silli- 
manite in the schist. A minimum of oleic acid was 
used in the test in an attempt to recover high-grade 
flotation concentrate relatively free of biotite and gar- 
net. Insufficient oleic acid resulted in an incomplete 
recovery of the coarse sillimanite. Tailing losses of silli- 
manite could be reduced by returning the tailing to the 
ball mill—classifier circuit or by employing an increased 
quantity of oleic acid in flotation. 

In a continuation of the recorded test, an increased 
quantity of oleic acid (0.7 Ib. per ton schist) was em 
ployed in an attempt to improve the sillimanite re- 
covery. Other reagents were unchanged. The in- 
creased quantity of oleic acid gave a rougher froth con- 
taining somewhat more biotite which was difficult to re- 
tard in the cleaners. The flotation concentrate ac- 
counted for a recovery of 88.9°% of the sillimanite and 
contained 97%  sillimanite (petrographic) and 2.489% 
total and 1.28°% acid-soluble ferric oxide. Although 
the iron content of the flotation concentrate was high, 
subsequent magnetic separation reduced the total 
ferric oxide to 1.20% and the acid-soluble ferric oxide 
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to 0.60%. Sillimanite recovery in this product was 
84.9% of the sillimanite in the total schist. 

In the pilot tests, froth characteristics and the 
purity of the separated products served as a guide for 
reagent adjustment. A pulp pH of 7.5 to 8.5 gave good 
results; a higher pH was undesirable, as the froths be- 
came somewhat voluminous and biotite had a greater 
tendency to float. A deficiency of pyrophosphate in the 
roughing operation invariably resulted in flotation of 
much of the biotite and garnet, which was difficult to 
retard in the cleaning steps without incurring loss of 
sillimanite. An excess of pyrophosphate or a deficiency 
of oleic acid in the roughing operation resulted in in- 
complete flotation of the sillimanite, and the froths 
were sensitive to cleaning. 

The results of the foregoing tests are typical of those 
obtained when an optimum quantity of tetrasodium 
pyrophosphate was used as the gangue depressant. 
Sodium hexametaphosphate and sodium silicate were 
emploved in other tests. Hexametaphosphate proved 
to be nearly as effective as pyrophosphate for retard- 
ing the gangue, but flotation of the sillimanite was more 
sensitive to small variations in the quantity used. 
Sodium silicate proved ineffective for retarding the 
biotite and garnet when sufficient oleic acid was em- 
ploved to float the coarse sillimanite. The pilot tests 
confirmed the results of the batch tests and demon- 
strated that pyrophosphate was the most effective de- 
pressant for both siliceous and ferruginous gangue ma- 
terials. 

In the pilot tests, grinding the schist to 20-mesh 
sufficed for tabling. The coarse gangue was rejected by 
the table without serious silliimanite. The 
locked sillimanite reporting in the table middlings was 
returned to the ball mill for regrinding. Despite the 
moderate grinding employed, the sillimanite in the 


loss of 


Desliming 


Reagent hydroseparator 


Caustic soda 0.45 
Sodium silicate .45 
Tetrasodium pyrophosphate 

Oleic acid 

Pulp pH 8.6 


table and flotation concentrates was substantially finer 
than 35-mesh. Failure to recover the small quantity of 
sillimanite coarser than 35-mesh in the schist may be 
attributed to interlocking as well as inefficient gravitv 
separation. In one of the pilot-plant tests, the screen in 
the grinding circuit was omitted, and the bali mill was 
operated to give a discharge substantially finer than 
10-mesh in hope of recovering a coarse sillimanite con- 
centrate. The slight improvement in the size of con 

centrate was insufficient to justify the added loss in the 
table tailing. Some coarse gangue, largely riprap, 
reported in the table concentrate and eventually 
caused sanding of the flotation cells. It seems likely 
that finishing the ball-mill discharge at a coarse size 
would have been permissible had multiple-spigot classi- 
fication been incorporated in the circuit to prepare the 
table feed properly. Simplicity of treatment in a com- 
pact pilot installation was desired, and this elabora- 
tion of flowsheet was omitted. 

In several pilot-plant tests, rake classification and 
tabling were omitted to give a simplified flowsheet. 
The schist was ground in the ball mill in closed circuit 
with a 28-mesh screen. The undersize was dispersed 
with caustic soda and sodium silicate and deslimed in a 
small hydroseparator to reject the clay. The hydro- 
separator underflow was conditioned and sent to flota- 
tion, employing oleic acid as the collector and tetra- 
sodium pyrophosphate as the gangue depressant. The 
simplified flowsheet gave moderately good results. 
Reagent requirements were greater than when floating 
the table concentrates, and selectivity was not quite 
so good. 

The results of an average pilot test employing the 

simplified flowsheet are given in Table V, together with 

the reagents used. The flotation concentrate accounted 

for a recovery of 80.4% of the sillimanite and contained 
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TABLE V 
PILOT-PLANT TEST ON SILLIMANITE SCHIST TREATING DESLIMED SCHIST BY FLOTATION 
Assay (%) 
Sillimanite Acid- _—Sillimanite 
Weight petrographic Total soluble distribution 
Product (%) anal. (%) Fe2Os Fe:O; %) 

Flotation concentrate 14.9 95.0 1.80 1.17 80.4 

Rejects 
Flotation tailing 76.4 4.2 18.2 
Hydroseparator overflow 8.2 2.8 1.3 
Dewatering spiral overflow 0.5 —1.0 0.1 
Composite rejects 85.1 4.0 19.6 
Composite feed 100.0 17.6 100.0 

+ Magnetic separation of pilot-plant flotation concentrate 
Nonmagnetic portion (sillimanite concentrate) 14.0 99.0 1.24 0.62 78.8 
Magnetic reject 0.9 33.0 10.40 9.50 1.6 
Composite flotation concentrate 14.9 95.0 1.80 Lae 80.4 
Reagents (lb./ton pilot-plant feed) 


Flotation 


Cleaners 
2d 


Conditioner Rougher Ist 3d 
0.66 O.11 
1.04 
8.0 1.9 8.0 8.0 8.0 
TABLE VI 
S1zInG ANALYSES OF SILLIMANITE CONCENTRATES RE- 


COVERED FROM TYPICAL PILOT-PLANT TESTS 


Treating by flotation (wt. %) 


Mesh Table concentrate Deslimed schist 

+35 0.3 
—35 +48 6.6 5.8 
—48 +65 15.9 18.2 
—65 +100 21.8 24.0) 
—100 +200 38 34.4 
— 200 16.2 17.3 
Composite concentrates 100.0 100.0 


95°% of sillimanite (petrographic) and 1.80°% total and 
1.17% acid-soluble ferric oxide. The hyvdroseparator 
overflow was finer than 200-mesh and 76° was finer 
than 20 microns. Loss of sillimanite in the overflow 
was negligible. Flotation of sillimanite from the 
hydroseparator underflow was not difficult despite the 
presence of considerable fine gangue. Tetrasodium 
pyrophosphate and oleic acid requirements for flotation 
of the underflow were somewhat greater than for the 
table concentrates, but they were not prohibitive. 
Although flotation of the ground and deslimed schist 
gave an acceptable grade concentrate with a moder- 
ately good recovery, the small quantity of coarse silli- 
manite in the feed was reluctant to float. In another 
test, the flotation tailing was dewatered in a rake 
classifier and the rake product was tabled to determine 
how much additional sillimanite might be recovered. 
The table concentrate was dewatered and returned to 
the ball mill for regrinding along with the screen over- 
size. The table concentrate contained 38.5°7 silli- 
manite and represented a circulating load of about 4°%. 
The table tailing contained 2.6% sillimanite as com- 
pared to 4.2°% in the flotation tailing. The combined 
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operation of flotation and tabling gave an indicated 
recovery of 87.6% of the sillimanite in a flotation con- 
centrate containing 95% sillimanite and 1.85% ferric 
oxide. 

The alternative flowsheets, embracing tabling supple- 
mented by flotation of the concentrates or flotation 
supplemented by tabling of the tailings, gave nearly 
identical results in the pilot tests. Sizing analyses of 
the concentrates recovered from typical pilot tests 
employing the two flowsheets are given in Table VI. 
Had the schist contained an appreciable quantity of 
sillimanite coarser than 28-mesh, it seems likely that 
tabling before flotation would give the best results 
because sillimanite coarser than 28-mesh is reluctant 
toward flotation. 

The iron content of the flotation concentrates re- 
covered in the pilot tests was not excessive, and the 
concentrates probably could be used for certain ceramic 
purposes without further treatment. For the pre- 
liminary ceramic tests, however, a sillimanite product 
of lower iron content and substantially free of biotite 
was desired. The concentrates collected during the 
pilot tests were separated magnetically, using a high- 
intensity induced-roll separator to remove the ferrugi- 
nous materials. A one-pass rougher separation of the 
flotation concentrate and single cleaning of the mag- 
netic portion gave a final magnetic reject containing 
biotite, garnet, and other ferruginous materials, together 
with some free and locked sillimanite. The nonmagnetic 
portions from the roughing and cleaning steps were com- 
bined for a final sillimanite product which contained 
about 1°; of total ferric oxide. 

About 600 pounds of nonmagnetic sillimanite con- 
centrates recovered during the pilot-plant investigation 
were submitted to the Electrotechnical Laboratory of 
the Bureau of Mines, Norris, Tenn., for ceramic tests. 
The material, shipped in several lots, contained an 
average of 1.0°% total and 0.6°% acid-soluble ferric 
oxide. A percentage chemical analysis of a typical lot 
of concentrate submitted to the Electrotechnical 
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Laboratory gave 61.0 Al,O3, 34.6 SiO., 0.1 TiOs, 1.1 
total Fe,O 3, and 0.6 acid-soluble Fe-O;. The theoretical 
sillimanite content of the product calculated on the 
basis of the alumina assay was 97%, whereas petro- 
graphic analysis indicated 99%. 

Although ceramic testing of the sillimanite concen- 
trates at the Electrotechnical Laboratory is not yet 
complete, the preliminary tests are promising. 


V. Summary of Testing of Sillimanite Concentrates 


The beneficiated South Carolina concentrate was 
tested at the Electrotechnical Laboratory of the 
Bureau of Mines at Norris, Tennessee. Standard-size 
brick that were power pressed and then fired five hours 
at 1600°C. showed only a slight volume change, thus 
meeting the A.S.T.M. and the more severe Navy re- 
heat specifications for superduty refractories. All types 
of commercial as well as experimental refractories have 
been tested at the Electrotechnical Laboratory. Brick 
made from South Carolina sillimanite had the highest 
load resistance of any alumina-silica refractories tested 
except electric-furnace cast corundum-mullite block. 

After firing, the brick were mottled brown in color. 
Acid leaching of the concentrates removes some of the 
iron compounds on the surfaces of the grains and im- 
proves the color. Brick made from acid-leached silli- 
manite may be of value in glasshouse refractories. 
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values being uniformly high. 


1. Introduction 
Clays have been widely used as the principal suspend- 
ing agent for porcelain enamels. The types of clays 
which have found the most extensive use in porcelain 
enamels, in general, include residual and sedimentary 
kaolins, ball clays, and, to a lesser extent, plastic fire 
clays. Most of these clays in this country are found 
in Georgia, Florida, Kentucky, Tennessee, and other 
scattered regions east of the Mississippi River. The 
Vallendar district of Germany, for a long period, has 
been the chief supplier of enamel clays; clays which 
occur in various sections of England have also been 
used as enamel clays. , 
The important properties of clays that determine 
and govern their suitability for use in porcelain enamels 
may be listed as follows: (1) clay particle size, (2) im- 
purities and accessory minerals, (3) type and amount of 
organic matter, and (4) nature and amount of adsorbed 
ions on the clay particle. 
In general practice, the user of enamel clays is more 
concerned with the composite effect of clays in porce- 
lain enamels and will classify a clay on the basis of 
(a) cleanliness, (b) degree of suspendibility, (c) set 
characteristics, (d) effect on opacity or bubble structure, 
and (e) effect on gloss and surface durability. 
The cleanliness of an enamel clay is usually deter- 
mined by washing a 250- to 500-gm. sample through a 
No. 200 or, preferably, a 325-mesh screen. After 
drying, the residue is examined for siliceous material, 
iron contamination, and organic or carbonaceous mat- 
ter. In practice, most of the clays used in enamels are 
either hand selected, washed by passing a thin slurry 
through suitable screens, or purified by some method 
of water elutriation or air classification. Although 
the amount and nature of the adsorbed ions on the 
clay particle will influence the suspendibility, the de- 
gree of suspendibility is usually determined by meas- 
uring the particle size of the clay by the application of 
Stokes’ law. 
The term ‘‘set characteristics’ of clay-enamel sus- 
pensions is an all-embracing term which includes several 


* Forty-Seventh Annual Program, The American Ce- 
ramic Society, 1945 (Enamel Division, No..7). Received 
April 13, 1945. 
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PROPERTIES AND USES OF SEVERAL CLAYS IN PORCELAIN ENAMELS* 


By L. Coox 


ABSTRACT 


The comparative effect of several clays on the physical characteristics of typical 
ground-coat and cover enamels was investigated. 
of the clays on the firing characteristics, the development of the bubble structure, reboil- 
ing, and the set characteristics were studied. Suitable amounts of each of the clays were 
used as mill additions to the following cover enamels: (1) superopaque antimony frit, 
(2) zirconium frit, (3) a clear frit as used for colors, and (4) fluoride frit. 
flectance, gloss, and the resistance to gouging was noted on these samples. Spectropho- 
tometer curves were run on selected cover-enamel surfaces. The clays showed a widely 
varying effect on the set characteristics and the bubble structure of the ground-coat 
enamels. The different clays with the antimony frit caused a wide variation in the goug- 
ing characteristics while, with the zirconium frit, the clays had less effect, the gouging 


In the ground-coat enamels, the effect 


The effect on re- 


of the various physical properties of the clay. More 
test methods have probably been devised for measuring 
the set characteristics of enamel slips than any other 
property. Several tests depend on the flow of the 
enamel slip through an orifice, such as the mobilometer 
test, the Bingham plastometer, the Irwin consistome- 
ter, and the Mariotte flow tubes. The relative merits 
of these tests have been reviewed recently.! Another 
group of test methods used in studying set characteris- 
tics is based on some modification of the weight-pickup 
test. The actual weight of enamel remaining on a test 
piece after dipping in the slip is taken as an index of the 
consistency or set characteristics of the enamel. 

The bubble structure in the usual porcelain enamel 
coatings is largely dependent on the kind of clay used. 
In ground-coat enamels, Higgins and Deringer? re- 
ported that the tendency of the formation of fish 
scales is directly traceable to the bubble structure re- 
sulting from the kind of clay used. In white cover 
enamels, the opacity of the coating may be markedly 
influenced by the same cause. In recent work, King, 
Carter, and Draker* showed that the bubble structure 
in the enamel coating is directly dependent on the 
amount of organic matter present in the clay. In like 
manner, the gloss and the resistance of the enamel sur- 
face to scratching or gouging may be decidedly affected 
by the kind of clay used in the white cover enamel. 

The object of the present investigation was to study 
and compare the effect of various clays on the physical 
characteristics of ground-coat and cover enamels. 


Il. Experimental Procedure and Results 
Nine different clays were studied. The chemical 
composition and general physical data,* such as par- 


1C. M. Andrews, ‘“‘Review of Tests for Fineness and 
Consistency of Enamel Slips,’’ Bull. Amer. Ceram. Soc., 
23 [12] 475-77 (1944). 

2 W. W. Higgins and W. A. Deringer, ‘Investigation of 
Fish-Scale Phenomena,"’ Jour. Amer. Ceram. Soc., 24 {12} 
383-92 (1941). 

3B. W. King, Jr., H. D. Carter, and H. C. Draker, 
“Properties of Enamel Slips: I, General Properties of 
Clays and Enamel Slips,”’ :bid., 27 [9] 253-60 (1944). 

* Data in Table I were supplied through the courtesy 
of C. W. Hall and C. C. Engle, United Clay Mines Corp., 
Trenton, N. J. 
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TABLE I 
CHEMICAL AND PuysicaL DATA ON CLAYS INVESTIGATED 
Clay No. 
Diam. (x) 1-78 4-307 5-912 5-913 6-455 6-456 6-457 7-123 15-42 
Particle size 
0.5 or under 19.9 38.0 40.9 15.4 56.5 23.0 20.7 76.1 53.8 
es ~ 30.4 47.6 55.8 27.3 73.0 34.4 32.8 82.8 83.6 
2.0 ™ = 42.3 62.7 71.2 43.5 78.0 55.0 44.0 93.5 91.7 
ee 6 61.0 79.5 74.8 59.8 85.7 78.9 52.6 99.2 95.1 
16.6 ” wy 78.3 92.5 84.8 80.0 98.7 86.8 64.8 99.8 99.2 
44.0” ad 91.9 98.9 99.6 99.6 99.3 98.0 99.9 99.8 
+44.0 8.1 1.1 0.4 0.4 0.7 2.0 0.08 0.2 
Mesh Residue (gm.) wet test 
100 2-3 0.17 0.20 0.05 0.03 0.03 0.05 Trace 0.08 
200 0.61 0.82 0.12 0.16 0.08 0.21 0.15 0.20 
300 7-9 1.08 _1.54 0.25 0.51 0.18 0.74 0.30 0.50 
pH §.2 5.15 4.95 5.4 5.4 4.8 5.5 4.7 
P.C.E 30-31 35 33-34 34-35 31-32 32+ 28 31 30-31 
Chemical analysis (%) 
Silica 56.62 46.40 47.92 46.00 59.0 53.70 62.10 55.60 55.88 
Alumina 30.11 38.60 33.87 39.10 27.9 30.02 25.50 29.51 29.16 
Lime 0.08 0.07 0.23 0.05 .2 Trace 0.10 0.40 0.12 
Magnesium 0.18 0.22 0.05 0.06 0.3 None Trace 0.60 Trace 
Titania 1.15 0.24 1.55 1.50 1.2 1.78 1.59 1.47 2.24 
Iron 0.60 0.38 0.18 0.42 0.8 0.88 0.99 1.16 0.74 
Soda 0.21 None 0.33 0.12 0.3 0.44 0.89 0.38 0.46 
Potash 0.41 0.35 0.09 0.05 0.4 1.74 0.44 2.94 0.22 
Ignition 10.54 14.00 15.69 13.90 10.0 11.39 8.39 7.70 11.24 


ticle size, hydrogen-ion concentration, pyrometric cone 
equivalent, and the screen residue for each of the vari- 
ous Clays are given in Table 1. Representative samples 
of each clay were selected, the moisture content was de- 
termined, and the clay was tested in the as-received 
condition without preliminary treatment. 


(1) Properties of Clays in Ground-Coat Enamels 

In order to study the general properties of the various 
clays in sheet-iron ground-coat enamel, the typical 
frit compositions shown in Table II were selected and 
smelted in a rotary smelter. Frit A is the hard com- 
ponent and frit B is the less refractory or soft frit. The 
mill batch used for each of the different clays is also 
given in Table II. These ground-coat enamels were 
milled to a proper fineness of 6 to 8 gm. on a 2(04)-mesh 
screen, and the enamel slip was sieved through a 60- 
mesh screen. The ground-coat enamels were applied 
to regularly pickled 22-gauge, enamel-grade iron test 
pieces. The enamel slips containing the various clays 
were checked for (A) firing characteristics, (B) bubble 
structure, (C) reboiling, and (D) set characteristics. 

(A) Firing Characteristics: The ground-coat enamel 
was aged for 24 hours and then adjusted to give a 
pickup of 40 gm. per sq. ft. on the test pieces. A firing- 
range study was made on enamels containing each of 
the nine clays. The samples were fired at 1500°F., 
1550°F., and 1600°F., each for 3, 5, and 7 minutes. 
Each sample was tested for comparative adherence by 
the falling-weight test.‘ Figure 1 shows the firing 
characteristics of the various clays in the ground-coat 
enamels. In addition to the nine clays, the results of 
three other clays (Vallendar, a domestic blended type, 


‘A. I. Andrews, Enamels, p. 352. Twin City Printing 
Co., Champaign, IIl., 1935. 410 pp.; Enamel Bibliog- 
raphy, 1944 ed., p. 12. 
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and a special clay) are also shown in Fig. 1. The vari- 


ous clays are designated as follows: 


(A) Vallendar clay (G) 1-78 Pennwood clay 


(B) Domestic blended clay (H) 5-912 Lambert clay 
(C) 7-123 Walker clay (I) 5-913 Russell clay 
(D) 6-457 Willis clay (J) 15-42 Mercer clay 
(E) 6-456 Regal clay (K) 4-307 Palma clay 


(F) 6-455 Randall clay (L) Special clay 

Each horizontal grouping shows the effect of the 
various clays at the same temperature and time. Of 
particular significance is the effect of the different clays 
on the firing characteristics of the enamel panels. The 
special clay (L) developed adherence at a relatively low 
temperature and in a short time. Other clays, which 
showed early development of adherence, are Nos. 5- 
912, 6-457, and the domestic blended clay. Clavs | 
78, 5-912, 5-913, 15-42, and 4-307 fired to a much 
darker blue-black color and a glossier surface than the 
other clays shown in Fig. 1. The enamels containing 
each of the clays developed adherence at the higher 
firing temperatures. The type and nature of the im- 
pact pattern showed a decided difference for the vari- 
ous clays. In comparing the enamel clays at 1600°F, 
Nos. 5-913, 15-42, and 4-307 showed a small fracture 
area; clays 1-78 and 5-912 showed an intermediate 
fracture area; and the remainder of the clays showed a 
relatively large fracture area. 

(B) Bubble Structure: In order to study the bubble 
structure of the various clays in the ground-coat 
enamel, photomicrographs, using oblique illumination, 
were taken of the fired enamel surfaces. Figures 2, 3, 
and 4 show the bubble structure of the enamels at a 
magnification of 80 times. The clays showed a de- 
cided variation in bubble structure. Enamel clays 7- 
123, 6-457, 6-456, 6-455, Vallendar clay, the do 
mestic blended clay, and the special clay gave moderate 


group, the size and number of bubbles varied. By 
comparing the results in Fig. 1 with Figs. 2, 3, and 4, the 
size of the fracture area resulting from the falling-weight 
test is shown to be in direct proportion to the size of the 
bubble structure in the enamel coating. 

(C) Reboiling: The fired ground-coat panels were 
put in the furnace at 1550°F. and observed closely 
until the reboiling reached a maximum; at this time, 
the test pieces were quickly removed. The special clay, 
the domestic blend, Vallendar, and Nos. 7-123 and 
6-457 showed a considerable amount of reboiling; clays 
6-456 and 6-455, a fair amount; clays 1-78 and 4-307, 
a slight amount; and, with clays 5-912, 5-913, and 
15-42, no reboiling was observed. 

(D) Set Characteristics: The enamel set character- 
istics as applied to frit-clay mixtures mean essentially 
the ability of the clay to keep tie enamel in suspension 
and to give the requisite body or consistency to an 
enamel so that it can be properly applied. The effect 
of clays on the set characteristics of ground-coat en- 
amels is of primary importance. In view of the fact 
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TABLE II 
Frit Compositions UsSep IN Stupy1ING Errect oF VARIouS CLAYS IN PORCELAIN ENAMELS 
Ground-coat frit Superopaque frit Frit 
B Astimony Zirconium Clear Fluoride 
Frit batch 
Feldspar (Keystone) 20.8 21.2 17.6 40.4 27.0 
Borax 34.6 34.2 22.9 28.0 28.0 
Quartz 27.7 21.5 23.5 | 18.1 19.0 
Soda ash 4.6 5.6 6.7 3.8 7.0 
Soda niter 4.7 4.7 2.9 3.08 2.2 4.0 
Fluorspar 5.1 10.3 2.5 4.40 3.2 5.0 
Manganese dioxide 1.5 1.5 
Cobalt oxide 0.5 0.5 
Nickel oxide 0.5 0.5 
Cryolite 8.4 12.30 2.5 10.0 
Zine oxide 2.9 4.40 
Sodium antimonate 12.6 
Milled zircon 10.80 
Aluminum hydrate 3.96 
Dehydrated borax 22. 60 
Calcite 7.74 
Pyrophyllite 31.70 
Mill batch 
Frit A 70 
Frit B 30 
Frit 100 100 100 100 
Clay 7.5 6.0 6.0 6.0 6.0 
Borax 0.75 
Manganese carbonate 0.25 0.25 0.25 0.25 
Water 45 40 40 40 40 
TABLE III 
COMPARISON OF TIME OF AGING ON WEIGHT PiIcKUP OF DIFFERENT ENAMEL CLAYS 
Aging (days) 
Specific Freshly 1 2 7 14 21 30 
Clay No gravity milled Wt. pickup ‘gm. ft.) 
7-12. 1.650 39.9 41.7 $2.6 52.7 57.5 
6-455 1.680 39.9 41.4 44.7 53.0 57.3 56.4 56.7 
1-307 1.613 40.3 aa. 33.0 27.9 26.4 25.8 21.6 
6-456 1.712 40.3 $1.1 $1.4 37.8 33.6 34.0 30.9 
6-457 1.738 40.8 40.5 39.9 39.0 36.9 37.2 35.3 
15-42 1.527 38.4 23.4 26.4 24.6 19.8 21.3 21.3 
5-912 1.617 40.2 $4.7 48.6 63.3 19.8 §1.3 $5.9 
5-918 1.778 39.3 40.2 42.3 51.5 56.4 1.2 70.5 
1-78 1.770 39.9 38.7 43.5 45.3 iS_4 56.2 59.4 
to large bubbles, while 1-78, 5-912, 5-913, 15-42, and that the aim in enamel slip control is to obtain the 
4-307 gave a small bubble structure. Withineach main proper weight on the ware, a determination of the ac- 


tual weight picked up per unit area gives the most in- 
formative results. The enamel set characteristics were 
studied by three modifications of the weight-pickup 
method: (a) The enamel slips containing the various 
clays were adjusted to the same pickup of 40 gm. per 
sq. ft. and the effect of the time of aging was studied; 
(b) the enamel slips were adjusted to the same specific 
gravity and the effect on the weight pickup, with vari- 
ous aging periods, was determined; and (c) each clay 
was milled with ground quartz flint, the slip was ad- 
justed to a constant specific gravity, and the weight 
pickup was measured. 

Each clay was milled with the frit and mill batch as 
given in Table II. The effect of aging on the weight 
pickup of each slip was studied by adjusting the 
enamel to give an initial weight pickup of 40 gm. per 
sq. ft.; the weight pickup was determined after succes- 
sive aging periods of 1, 2, 7, 14, 21, and 30 days. The 
average dry-weight pickup of two pickled enamel iron 
samples, 4 by 6 in. in size, was taken for each value. 
A comparison of the effect of the aging period on the 
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Fic. 1.—Firing characteristics of different enamel clays in ground-coat enamels, 
(1945) 
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Fic. 2. 


weight pickup is given in Table III. The specific 
gravity of the slips varied widely from 1.527 to 
1.778. 

In the series of curves shown in Fig. 5 is plotted the 
comparative effect of the time of aging on the dry- 
weight pickup of the enamel slips containing the 
different clays. Several of the enamel clays (1-78, 
7-123, 6-455, and 5-913) showed an appreciable in- 
crease in pickup with aging time. Enamel clay 5-912 
showed an increase in weight pickup to the 7-day pe- 
riod and then a decrease; Nos. 6-456 and 6-457 
showed a gradual drop in enamel pickup; while Nos. 
15-42 and 4-307 showed a decided initial drop in the 
weight of enamel slip picked up. As all of these slips 
containing the different clays were adjusted to a given 
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Photomicrographs showing bubble structure of different clays in ground-coat enamels (xX 8); 
(A) Vallendar clay, (B) domestic blend, (C) clay No. 7-123, (D) clay No. 6-457. 


initial weight pickup, considerable variation resulted in 
the specific gravity or the solids-to-liquid ratio. 

The specilic effect of the various clays on the proper- 
ties of the ground-coat enamel slips may be compared 
directly by maintaining a constant solids-to-liquid 
ratio. Most ground-coat enamels in commercial 
practice are applied by dipping at specific gravities of 
1.60 to 1.65. The freshly milled ground coat contain- 
ing each of the various clays was adjusted to a specific 
gravity of 1.65. Each enamel was checked for the 
weight pickup after the various aging periods as before. 
The effect of the time of aging on the weight pickup is 
summarized in Table IV. 

The series of curves in Fig. 6 show the effect of aging 
on the weight pickup of the ground-coat enamels at a 
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Photomicrographs showing bubble structure of different clays in ground-coat enamels ( 80): 


(A) clay No. 6-456, (B) clay No. 6-455, (C) clay No. 1-78, and (D) clay No. 5-912. 


constant specific gravity containing each of the different 
clays. When each ground-coat enamel slip was ad 
justed to a specific gravity of 1.65, the average drv- 
weight pickup varied from 13.2 to 180 gm. per sq. ft. 
Enamel clays 5-913, 1-78, 6-457, and 6-456 gave a low- 
weight pickup which changed only slightly with age. 
With enamel clays 6-455, 7-123, and 4-307, a moderate 
weight pickup was obtained with the freshly milled 
slip. Aging the 6-455 clay caused a slight increase in 
weight pickup to the second day and then a gradual 
decrease. With the 7-123 clay, a slight but con- 
tinued increase in the weight pickup was noted as the 
slip was aged. The slip with the 4-307 clay showed a 
moderate increase in the weight pickup for the first 
seven days and only a slight change thereafter. The 


(1945) 


15-42 clay showed a rapid increase in weight pickup to 
the second day and then a gradual but uniform de 
crease. The 5-912 clay showed a very high initial 
weight pickup of 180 gm. per sq. ft. and then a sharp 
decline until at the thirty-day period it was 81 gm. per 
sq. ft. 

One of the disadvantages of these two methods for 
determining the comparative effect of clays in enamels 
is the long time period involved and the selective effect 
on the different clays of the soluble components 
leached from the frit. By milling each of the clays 
with a definite amount of potters’ flint and distilled 
water, a rapid comparison of the set or suspendibility of 
the clays can be made. The following mill batch was 
made with each of the different clays: 
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Fic. 4.—Photomicrographs showing bubble structure of different clays in ground-coat enamels (x 80); 
(A) clay No. 5-913, (B) clay No. 14-42, (C) clay No. 4-307, (VY) special clay. 


Parts 
100.0 powdered quartz flint 
7.5 clay 
65.0 distilled water 


After milling for thirty minutes, the material was re- 
moved from the mill and adjusted to a specific gravity 
of 1.60. Previously weighed ground-coated panels 
were dipped into the flint-clay suspension, allowed to 
drain vertically, dried at 110° C., and reweighed. 
These suspensions containing each of the different clays 
were allowed to age one week and the procedure was 
repeated. The effect of the various enamel clays in the 
flint-clay suspension is shown in Table V. The 
freshly milled slip showed a variation in the average 
weight picked up from 9.7 gm. per sq. ft. for the 5-913 


clay to 100.2 gm. per sq. ft. for the 4-307 clay. Most 
of these suspensions showed a slight-to-moderate loss in 
weight pickup after one week of aging. 


(2) Properties of Various Clays in Cover Enamels 
In studying the general properties of the various clays 
in sheet-iron cover enamels, four types of frits were 
selected: (1) superopaque antimony, (2) high-opacity 
zirconium, (33) clear, and (4) fluoride. The composition 
of each respective frit is given in Table II. The frits 
were smelted in several crucible batches and then 
mixed thoroughly to form the composite sample of each 
frit. The mill batch, as given in Table II, was milled 
to a fineness of 6 to 8 gm. on a No. 200 sieve. The 
enamel was screened through a No. 40 sieve and aged 
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Fic. 5.—Effect of time of aging on weight pickup of 
various clays in ground-coat enamel. 
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Fic. 6.—Effect of time of aging on weight pickup of 
various clays in ground-coat enamel at specific gravity 
of 1.65. 


TABLE IV 
COMPARISON OF EFrrect OF AGING ON CLays IN Grounp-Coat ENAMEL witH CoNsTANT Ratio 


Specific Freshly 1 
Clay No. gravity milled 
7-123 1.650 41.5 43.0 
6-456 1.650 24.2 23.6 
15-42 1.650 79.5 105.0 
4-307 1.650 51.0 59.0 
6-455 1.650 47.2 48.5 
6-457 1.650 17.9 18.0 
5-913 1.650 13.2 14.3 
1-78 1.650 16.2 15.5 
5-912 1.650 180 181 
TABLE V 


Strupy oF Ser CHARACTERISTICS OF ENAMEL CLAYS WITH 
GROUND QUARTZ 
Avg. pickup Avg. pickup 


(gm./sq. ft.) (gm./sq. ft.) 
freshly aged one 


Clay No milled week Suspendibility 
6-455 34.2 26.2 Good 

6-456 2.0 11.1 Fair 

6457 10.9 9.95 Fair 

15-42 71.5 82.5 Very good 
5-912 10.8 11.1 Poor (settles) 
7-123 62.4 Good 

4-307 100.2 94.5 Very good 
1-78 17.9 13.9 Poor (settles) 
5-913 9.7 9.0 Very poor 


(settles badly) 


24 hours before using. The enamel was applied to pre- 
viously ground-coated 4- by 6-in. panels for reflectance 
measurements and to 4- by 6-in. panels for the gouging 
test. Test panels were sprayed at 30 and 45 gm. per 
sq. ft. in one coat and at 60 and 75 gm. per sq. ft. in two 
coats. The reflectance and gloss were determined on a 
Hunter multipurpose reflectometer for each combina- 
tion of clay and frit at a weight of application of 30, 45, 
60, and 75 gm. per sq. ft. The spectrophotometric 
curves were run on selected samples. 

The equipment as developed by the National Bureau 
of Standards for the Porcelain Enamel Institute was 
used in running the gouge test. The enamel panel was 
placed on the table of the machine, the steel ball placed 
under the lever arm, and the weight pan loaded with 
the proper weight. The ball was then caused to roll a 


(1945 


Aging (days) 


2 7 14 21 30 
Wt. pickup (gm./sq. ft.) 

44.2 51.5 55.0 57.9 59.5 
23.4 20.2 19.2 19.2 
124.0 119.2 106.2 114.0 87.6 
63.8 70.7 63.8 64.4 63.6 
50.4 45.5 45.6 42.0 35.7 
18.0 23.9 18.0 18.0 18.6 
15.0 15.0 16.2 16.2 16.8 
14.2 15.9 18.0 17.4 16.8 
175 153 125 105 Sl 


definite distance on the enamel surface. The weights 
on the pan were increased in definite increments (1 Ib. 
below 50 Ib., and 2 Ib. above 50 Ib.) until 100°% gouging 
of the surface was obtained. The amount of gouging of 
the enamel surface was then measured with a Brinell 
microscope, a curve was plotted to show the percentage 
of gouge against the load on the ball, and the end point 
was interpolated by taking the load on the ball, which 
gave 50% gouge. The average of three panels at a 
weight of application of 60 gm. per sq. ft. was used in 
determining the gouge resistance. 

(A) Antimony Frit: The results obtained on the 
reflectance, gloss, and gouging characteristics for each 
of the various clays in a superopaque antimony enamel 
are summarized in Table VI. At a weight of applica 
tion of 30 gm. per sq. ft., the percentage of reflectance, 
as determined with the green filter on the Hunter re- 
flectometer, showed a variation from 45.0% for clay 
1-78 and 46.9% for clay 5-912 to 59.0°% for clay 6-456 
and 57.6% for clay 7-123. At a weight of application 
of 60 gm. per sq. ft., the readings with the green filter 
varied from 65.6°% for clay 15-42 to 72.0% for clays 
7-123 and 6-456. The gloss readings, as measured 
with the Hunter reflectometer, varied from 5.2 to 5.6. 
The gouging characteristics, as determined by the load 
in pounds required to give 50°) gouge, varied from 25.9 
for clay 7-123 and 35.4 for the 6-456 clay to 83.0 for the 
5-913 clay and 74.6 for the 5-912 clay. 

The samples, at a weight of application of 60 gm. 
per sq. ft., were run on the General Electric spectro- 
photometer. The spectrophotometric curves in Fig. 7 
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Fic. 7.—Spectrophotometric curves of various clays in 

superopaque antimony frit; application weight, 60 gm. 

per sq. ft. 


show the effect of the different clays on reflectance with 
the antimony frit. The various clays show no selective 
color action as all of the curves are approximately 
parallel. With the superopaque antimony frit, the 
various clays show a maximum variation in reflectance 
of about 7% in the blue portion of the spectrum to 
approximately 10% in the red. 

(B) Zirconium Frit: The values for the reflect- 
ance, gloss, and gouging of each of the clays in a zir- 
conium frit are summarized in Table VII. At 30 gm. 
per sq. ft., the percentage reflectance, as determined 
with the green filter on the Hunter reflectometer, varied 
from about 45% for clays 15-42, 5-912, 5-913, and 6- 
457 to 58.0% for clay 7-123. At 60 gm. per sq. ft., the 
values varied from 73.0% for 7-123 clay to 60.6% for 
1-78 clay. The gloss readings for the different clays 
in the zirconium frit, as measured on the Hunter re- 
flectometer, varied from 5.6 to 6.1. The gouging values 
for the various clays in the zirconium frit varied from 
85.0°% for the 6-457 clay to 104.6% for the 7-123 clay. 

The group of spectrophotometric curves in Fig. 8 
(A and B) shows the reflectance characteristics of the 
different clays in the zirconium frit. The clay caused 
a greater variation in the red portion of the spectrum 
than in the blue or blue-green. 

(C) Clear Frit: The effects of the various clays on 
reflectance, gloss, and gouging in a clear frit are given in 
Table VIII. The reflectance, at a weight of applica- 
tion of 60 gm. per sq. ft., as determined with the green 
filter on the Hunter reflectometer, showed values below 
8% (too low to be measured on the instrument) for the 
4-307, 5-913, and 5-912 clays to 24.2% for the 7-123 
clay. The gloss readings varied from 5.1 to 5.7 for the 
clear frit. In determining the gouging characteristics 
of the various clays in the clear frit, the usual type of 
gouging was not obtained, but there was a noticeable 
change in the appearance of the gouge track at a load 
of between 60 and 80 Ib. on the ball. 

The spectrophotometric curves showing the relative 
reflectance of the various clays in the clear frit are pre- 
sented in Fig. 9. The actual reflectance varied over a 
wide range, from about 2.5% for the 15-42 clay to ap- 
proximately 27.5% for the 7-123 clay. 
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TABLE VI 


SUMMARY OF REFLECTANCE, GLOSS, AND GouGING CHAR- 
ACTERISTICS OF ENAMEL CLAYS IN ANTIMONY FRIT 


Applica- 
tion Reflectance (%) Load on ball 
Clay wt.(gm./ - —~ (Ib.) to give 
No. sq. ft.) Blue Green Amber Gloss 50% gouge 
1-78 30 50.8 45.0 43.2 5.48 
45 64.4 59.0 57.5 5.57 
60 71.9 68.5 67.4 5.40 59.0 
75 73.9 70.8 69.8 5.40 
15-42 30 56.4 51.2 49.6 5.47 
45 64.9 60.0 58.6 5.47 
60 69.8 65.6 64.3 5.47 67.00 
75 74.7 71.2 70.0 5.60 
5-912 30 52.6 46.9 45.2 5.30 
45 64.6 59.9 58.3 5.22 
60 70.7 66.9 65.5 5.49 74.6 
75 74.0 70.7 69.6 5.46 
5-913 30 54.0 48.3 46.6 5.35 
45 63.0 58.4 56.9 5.40 . 
60 69.9 65.7 64.5 5.40 83.0 
75 74.4 70.9 69.6 5.48 
6-455 30 68.5 53.7 52.2 5.51 
45 69.6 64.9 638.5 5.50 
60 74.2 70.9 69.7 5.50 59.0 
ri) 76.0 73.0 72.0 5.68 
6-~4156 30 63.5 59.0 57.6 5.48 
45 71.4 67.2 65.7 5.40 
60 75.2 72.0 70.9 5.52 35.4 
75 78.3 75.2 74.0 5.50 
6-457 30 60.4 55.4 54.2 5.48 
45 67.0 62.5 61.1 5.42 
60 73.1 69.7 68.7 5.45 49.4 
75 76.0 73.2 72.2 5.49 
4-307 30 58.5 53.6 52.0 5.40 
45 69.2 64.0 62.6 5.37 
60 73.4 68.0 67.7 5.37 66.75 
75 77.6 74.2 73.1 5.682 
7-123 30 62.2 57.6 56.2 5.28 
45 70.6 66.4 65.0 5.20 
° 60 75.5 72.0 70.6 5.40 25.90 
75 79.7 77.0 76.0 5.60 


(D) Fluoride Frit: The effects of two clays, 4-307 
and 7-123, on reflectance, gloss, and gouging in a fluo- 
ride frit are given in Table IX. At 30 gm. per sq. ft., 
the reflectance, as measured with the green filter of the 
Hunter reflectometer, varied from 10% for the 4-307 
clay to 12.3% for the 7-123 clay. At 60 gm. per sq. 
ft., the reflectance varied from 21.2% for the 4-307 
clay to 27.5% for the 7-123 clay. The remainder of 
the clays was.not tested in the fluoride frit. 


lll. Analysis of Results 

The additions of the various clays to the typical 
ground-coat and cover enamels showed widely differing 
effects on the physical properties of the resulting 
enamels. When the various clays were used in the same 
ground-coat frit, the temperature and time at which 
initial adherence developed varied. It is known that 
the type of iron and the pickling practice will also in- 
fluence the nature of the bond. Accordingly, enamel- 
grade iron from three different sources was pickled and 
the enamel was applied as before. The same general 


variation in the development of adherence was noted. 
Vol. 28, No. 8 
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TABLE VII 
SUMMARY OF REFLECTANCE, GLOSS, AND GOUGING CHAR- 
ACTERISTICS OF ENAMEL CLAYS IN ZIRCONIUM FRIT 


Applica- 
tion Reflectance (%) Load on ball 
Clay wt. (gm./  (Ib.) to give 
No. sq. ft.) Blue Green Amber Gloss 50% gouge 


15-42 30 51.3 44.9 41.4 5.8 


45 59.6 53.4 48.7 5.8 
60 65.9 63.4 60.3 5.7 100.0 
75 70.6 67.5 65.6 5.7 

6-455 30 52.2 48.3 44.7 5.8 
45 60.9 58.3 54.9 6.0 
60 66.4 65.0 62.3 5.8 91.9 
75 69.4 67.2 64.3 5.8 

6-456 30 59.1 54.5 538.0 5.9 
45 65.0 62.2 61.1 5.9 
60 69.8 69.2 68.0 5.8 90.8 
75 69.8 70.0 70.0 5.9 

6-457 30 49.9 44.4 41.8 5.9 
45 58.3 52.0 49.4 5.9 
60 67.2 63.3 59.6 5.8 85.0 
75 66.5 66.0 64.1 5.8 

4-307 30 60.1 54.8 52.9 5.7 
45 64.7 61.0 58.8 5.8 
60 70.6 69.4 68.4 5.9 104.0 
75 74.6 72.6 8.7 

7-123 30 61.8 58.0 56.2 6.1 
45 68.3 66.2 64.8 5.9 
60 71.0 73.0 72.5 5.9 104.6 
75 71.4 74.0 73.6 6.0 

1-78 30 51.4 46.3 438.9 5.8 
45 63 O 58.3 57.0 5.9 
60 66.0 60.6 58.9 5.7 103.2 
75 66.8 67.2 64.3 5.7 

5-912 30 52.0 45.1 41.1 5.7 
$5 64.0 58.5 55.1 6.0 
60 67.9 66.0 63.0 5.8 93.8 
75 70.5 68.5 64.8 5.8 

5-913 30 53.2 45.2 40.7 5.6 
45 65.6 58.8 54.3 5.8 
60 68.6 65.5 61.0 5.8 101.6 


Other factors which could influence the variation in the 
development of adherence between the enamel and the 
metal include (1) the total amount and rate of evolu- 
tion of water vapor at the various temperatures, (2) 
the permeability of the dry enamel to air and the ccrre- 
sponding rate of metal oxidation in the preliminary 
firing period, (3) the action of the decomposed gases 
from the organic matter, and (4) the effect of any 
accessory minerals associated with the clay. These 
factors are to be investigated further. 

It was found that the bubble structure in ground- 
coat enamels was directly dependent on the type of 
clay used. The clays which cause a large-to-moderate 
bubble structure in ground-coat enamels usually con- 
tain an appreciable amount of organic matter. In re- 
cent work, Kimpel® showed that the type of bubble 
structure can be synthetically controlled by the addi- 
tion of suitable amounts of organic material to a clay 
which normally gives a small bubble structure in 

5 Unpublished thesis by R. F. Kimpel, ‘“‘Use of Some 
American Clays in Ground-Coat Enamels,’’ Dept. of 
Ceramic Engineering, Univ. of Illinois, Urbana, II. 
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TABLE VIII 


EFFEctT oF CLAYS ON REFLECTANCE, GLOSS, AND GOUGING 
CHARACTERISTICS IN CLEAR ENAMEL FRIT 


Applica- Pronounced 
tion Reflectance (%) change in 
Clay wt. (Ib./ “ gouge track 
No. sq. ft.) Blue Green Amber Gloss at load (Ib.) 
6-457 30 92 8.6 8.5 5.4 


45 13.6 18.1 12.8 5.5 
60 18.8 18.2 17.9 5.5 70-80 
75 22.2 21.4 21.1 5.6 


6-455 30 10.2 9.8 9.6 5.4 
45 16.2 14.4 14.2 5.4 
60 17.5 17.0 5.7 70-80 
75 22.2 21.2 20.8 5.4 
5-913 30 5.4 
60 . ° * 5.3 70-80 
75 94 86 82 5.5 
45 8.9 8.1 8.0 5.5 
60 13.4 11.4 11.2 8.3 70-80 
75 17.2 16.2 18.7 §.3 
45 5.5 
60 9.9 9.0 8.7 5.4 60-70 
75 11.0 11.3 11.2 8.4 
4-307 30 * 52 
60 5.2 70-80 
75 13.0 11.6 11.4 65.1 
60 5.3 60-70 
75 10.2 9 2 9.0 5.3 
6-456 30 9.7 9.2 9 1 5 6 7 _ 
45 16.8 16.0 16.0 53.5 
60 22.7 21.8 21.9 5.5 70-80 
75 26.5 25.9 25.9 5.4 
7-123 30 13.6 12.7 12.5 5.4 
15 91.8 230.6 230.4 5.4 
60 25.0 24.2 23.9 5.4 60-70 
70 34.4 33.6 33.6 5.4 
* Values too low for Hunter reflectometer. 
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Fic. 8.—Spectrophotometric curves of various clays in 
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Fic. 9.—Spectrophotometric curves of various clays in 
clear frit; application weight, 60 gm. per sq. ft. 


TaBLe IX 
EFFect OF CLAYS ON REFLECTANCE, GLOSS, AND GOUGING 
IN FLUORIDE FRIT 


Application Reflectance (%) Load on ball 

Clay wt _ (Ib.) to give 
No. (Ib./sq. ft.) Blue Green Amber Gloss 50% gouge 
4-307 30 11.1 10.0 9.9 5.3 

45 15.8 14.1 14.0 5.5 

60 23.5 21.2 20.8 5.5 72.3 

75 26.2 24.2 23.8 5.7 
7-123 30 13.5 12.3 123.6 5.7 

45 19.8 18.0 17:8 5.7 

60 29.0 27.5 27.2 5.5 82.0 

79 33.0 31.1 32.0 5.5 


ground-coat enamels. For the usual tvpe of ground- 
coat enamels, a medium-large uniform bubble struc- 
ture is preferred. 

The set characteristics of the different clavs in the 
ground-coat enamels showed a wide variation. The 
problem here is complicated by the multiplicity of fac- 
tors acting in the slip. The different clays vary in the 
total amount and in the nature of the cations and an- 
ions adsorbed on the clay particle. From the elec- 
trolyte added to the mill, sodium and borate ions as 
well as un-ionized sodium borate were present in the 
slip. In addition, any soluble material leached from 
the frit was also present. Secondary and combination 
reactions will take place between the ions in the sus- 
pension. The summation of these various actions causes 
a widely differing effect of the clays on the weight of slip 
picked up after specific aging periods. The general ac- 
tion of the various clays in keeping the powdered 
quartz in suspension is an indication of the ability of 
the clay to be used satisfactorily to keep the white 
cover enamels in suspension. Supplementary addi- 
tions of small amounts of electrolytes or bentonite 
will have a marked influence on the set characteristics 
of clavs which do not work particularly well in the as- 
received condition. 

The different clays in various cover-enamel frits 
showed several important ‘points. In order to obtain 
the maximum effect on the reflectance from the differ- 
ent clays, no opacifier was added to the mill batch of the 
frits. Under the microscope, it was noted that the 
clays contributing the higher reflectance value had a 
more profuse and extensive number of bubbles than 
those showing the lower reflectance. The difference 
in the number and the size of the bubbles was readily 


observed in the clear or in the fluoride frits, while it was 
difficult to distinguish any difference in the more highly 
opaque frits, such as the zirconium or the antimony 
frits. At an application weight of 60 gm. per sq. ft., 
the various clays caused a total reflectance variation 
of 6% in the antimony frits, about 12% in the zir- 
conium, and approximately 24% in the clear. In 
comparing the reflectance values obtained in the zir- 
conium and antimony frits, the clays contributed about 
equal high reflectance in either the zirconium or anti- 
mony frits, but some of the less opaque clays con- 
tributed a lower reflectance in the zirconium than in 
the antimony frit. 

The spectrophotometric curves of the various clay 
and frit combinations show the reflectance values 
throughout the visible spectrum. The clays in the 
antimony frits showed no selective action as all of the 
curves were nearly parallel. Due to the selective ac- 
tion in the green portion of the spectrum from the 
zirconium frit, the clays showed less variation in the 
blue and green portions of the spectrum and a consid- 
erable amount of variation in the red portion. With 
the clear frit, the comparative opacifying effect of the 
clays is much more effectively shown by the spectro- 
photometric curves than with the Hunter reflectome- 
ter readings. Clay 7-123 showed the highest reflect- 
ance curve in the clear, antimony, and zirconium 
frits; and clays 6-456, 6-455, and 6-457 gave slightly 
less reflectance but in the same order in the three frits. 
The other five clays (15-42, 5-912, 5-913, 1-78, and 
4-307) gave lower reflectance curves in all three frits. 
The same clays which showed the most profuse bubble 
structure in the ground-coat frit gave the highest re- 
flectance values in the antimony, zirconium, and clear 
cover-enamel frits, while those clays which showed a 
small bubble structure in the ground-coat frit, gave 
lower reflectance values in the cover-enamel frits. 

The gloss readings, as measured on the Hunter re- 
flectometer, did? not show particularly significant differ- 
ences for the various clays in the cover-enamel frit, al- 
though the values of the gloss readings were generally 
higher for the zirconium than for the antimony or clear 
frits. 

The gouging test showed interesting characteristics 
for the various clays in the different types of frit. With 
the antimony frit, the test worked satisfactorily as the 
use of the various clavs showed a marked difference 
on the resistance to gouging of the antimony cover- 
enamel surfaces. The clays which gave the greatest 
opacity caused the lowest gouge resistance in the anti- 
mony frit. With the zirconium frit, the various clays 
caused only a slightly varying effect on gouge resist 
ance, which was uniformly high for all of the zirconium 
enamel surfaces. The gouge test measures the resist- 
ance of the underlying enamel structure to crushing; 
thus certain surfaces, such as the zirconium enamels 
which have low scratch resistance, may show high 
values on the gouge test. In running this test on the 
clear frit containing the different clays, instead of the 
characteristic gouge urack, a ‘“‘ball-tracking"’ condition 
was present. With increasing increments of load on the 
ball, the ball tracking became progressively more pro- 


Vol. 28, No. 8 


| 
= 
: 
\ 
pet 
& 
pers 
BY 
| 
| 
| 


Dimensional Coordination 


nounced until a crushing of the enamel coating became 
evident. The load which produced this change was 
indicated as the end point with this type of surface. 
The interpretation of the results with surfaces showing 
a ball-tracking condition needs to be Glarified. The 
various clays in the clear frit did not seem to have an 
appreciable effect on the comparative gouging of these 
surfaces. 
IV. Summary 

The general effect of the various clays in sheet-iron 
ground-coat and cover enamels may be summarized in 
the following manner: 

(1) In the clays tested, the chemical analysis and 
the physical data, such as particle size, hydrogen-ion 
concentration, or pyrometric cone equivalent, do not 
give a satisfactory basis for predicting the general us- 
ability of clays in porcelain enamels. 

(2) When the various clays were milled in the same 
ground-coat frit and then fired, photomicrographs 
showed a widely varving bubble structure in the fired 
enamel. 

(3) Some of the clays brought about an earlier de- 
velopment of adherence or bond between the metal and 
the ground-coat enamel. 

(4) The clays which gave a large bubble structure in 
the ground-coat layer, when impacted with the falling- 
weight test, gave a large fracture area, while those giv- 
ing a small bubble structure caused a small fracture 
area. 

(5) The freshly milled ground-coat enamel contain- 
ing the various clays was adjusted to give (a) a pickup 
of 40 gm. per sq. ft., thus vielding a variable solids-to- 
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liquid ratio and (6) a specific gravity of 1.65, yielding a 
constant solids-to-liquid ratio in the slips. The enamel 
slips were tested for the weight picked up after specific 
aging periods; the various clays were found to cause an 
increase in the weight picked up in some cases, in others 
a decrease, while others gave practically no change in 
the weight-pickup value after various aging periods. 

(6) At an application weight of 60 gm. per sq. ft. the 
different clays caused a maximum variation of about 
6% reflectance in the antimony, 12% in the zirconium, 
and 25% in the clear frit. 

(7) The spectrophotometric curves of the various 
clay and frit combinations showed that the clays gave 
uniform spectral values in the antimony and clear frits; 
in the zirconium frit, a greater variation in reflectance 
was found in the red portion of the spectrum than in 
the blue or green portions. 

(8) The various clays in the antimony frit showed a 
marked difference in the gouging characteristics of the 
surfaces, while in the zirconium frit the clays caused 
only a slight variation in gouging as all of the values 
were uniformly high. 
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DIMENSIONAL COORDINATION* 


By M. W. ADAMS AND PRENTICE BRADLEYT 


ABSTRACT 


A method is described that has been developed by American Standards Association 
Project A62 for coordinating standard sizes of building products and for correlating the 


layout and design of buildings. 
are discussed and layouts are shown. 


|. Introduction 
There was a time when architects would have been 
little interested in dimensional coordination. Their 
problems were few and simple. They were solved for 
each job as it came along, unhampered by sizes and di- 
mensions created by manufacturers or by some es- 


* This paper was listed asa supplementary title to the 
Forty-Seventh Annual Program, The American Ceramic 
Society, in Bull. Amer. Ceram. Soc., 24 [5] 180 (1945). 
Received April 4, 1945. 

The material is taken from a lecture sponsored by the 
Structural Clay Products Institute, National Concrete 
Masonry Association, Metal Window Institute, and Na- 
tional Door Manufacturers Association and approved by 
the Executive Committee of American Standards Associa- 
tion Project A62 for meetings of architects. 

+ Frederick Heath, Jr., has submitted a discussion of this 
paper, see pp. 226-27. 
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Applications of the method to masonry and windows 


tablished practice of a producing industry. Wood was 
hewn and stone was cut on the job, and the architect 
told the craftsmen what the sizes would be. Doors and 
windows were made locally in accordance with his de 
tails. He could use brick, but backup units and glazed 
tile with their various grades and combinations were 
unknown. For building equipment, he had to provide 
fireplaces and chimneys, and perhaps candelabra or 
chandeliers for candles and whale oil. There were no 
plumbing, heating, or electrical layouts to be made, no 
kitchen or bathroom equipment to plan, and certainly 
no air-conditioning units to be installed. 

Through the vears new manufacturing processes have 
been adopted, new materials developed, and new me 
chanical devices for living comfort invented. 
have come gradually, one by one, so that their cumu 
lative effect on the architect cannot be realized without 
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Fic. 1.—Broken tile and masonry waste under field cutting 
and fitting of these materials. 


a comparison with the forgotten past. Each improved 
product and each new item of equipment has added new 
problems of coordination. The producer creates sizes 
and dimensions which the architect must usually adopt 
as best he can, although he can order, at a price, special 
items for the job. The freedom which he once enjoved 
in working out his own details and sizes has become 
more and more circumscribed, but the number of de- 
tails required has greatly increased and become more 
and more of a burden. He is faced with increasingly 
complicated and vexing problems of figuring out how 
materials and equipment, in generally unrelated sizes, 
can be assembled and made to fit his building plan. 
Window sizes, for example, were developed around glass 
sizes, whereas they are now installed in masonry. This 
is just one illustration of the fact that sizes of building 
products are for the most part unrelated and that no 
method of combination which the architect can devise 
will succeed in harmonizing all of them. , 

Under these conditions, piles of broken backup tile 
and other masonry waste, as shown in Fig. 1, are gen- 
erally unavoidable. Field cutting and fitting are es- 
sentially wasteful and inefficient and are contrary to 
the trend of modern industrial development and large- 
scale production. Progress lies in the direction of har- 
monizing the sizes for building products and in simpli- 
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and materials when dimensions are not coordinated. 


-Problem of fitting together unrelated masonry 
parts in the field. 


Fic. 3. 


fying their application to building dimensions and lay- 
out. 

Figure 2 shows how the time and effort of the archi- 
tect may be wasted in attempting to improve these 
conditions. <A portion of the elevation for a low-cost 
housing project is represented. The problem involves 
combining certain stock window sizes and a minimum 
clear ceiling height with a standard brick height of 
2'/, in. plus a '/2-in. mortar joint. As is usually the 
case, these dimensions do not match, and compromises 
must be made. 

The architect gave the number of brick courses 
against each vertical dimension. The '/>-in. joint has 
had to be sacrificed, and joints vary between a minimum 
of 0.46 in. and a maximum of 0.61 in. This variation 
probably does not affect appearance but it certainly 
affects the mason. He cannot possibly get along with 
his foot rule nor can he use the brick mason’s rule. He 
must figure and make a story pole for each different 
condition around the building and then force the 
courses up or down to meet the variations in their 
heights. The architect did everything for the mason 
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Fic. 4.—-Standard module as basis for coordination; 3- 
dimensional grid spaced on standard 4-in. module. 


that was possible under the given conditions and at a 
considerable cost to him in time and effort. 

In Fig. 3 is shown what the mason usually has to do 
in order to fit unrelated parts together in the field. 
An analysis of ordinary processes of building would re- 
veal that this business of getting things to fit is far from 
satisfactory. The architect generally cannot attempt to 
solve these problems. Should he make the attempt he 
would find that sizes of building products were unre- 
lated and could not be harmonized. 

It is usually impracticable to specify a special size of 
brick, glazed tile, or bathtub. Special parts which 
the carpenter or mason cuts and fits in the field must be 
detailed. This is unsatisfactory because it makes the 
architect's control of quality more difficult and leaves 
him dependent on the skill and integrity of the field 
mechanic. It is wasteful and inefficient not only in the 
field but also in the architect's office. This time and 
energy could certainly be used more profitably for 
planning and for creative design, administration, and 
supervision. 

The industry, however, has already demonstrated 
that a coordination of size is the remedy. Many 
products, such as medicine cabinets and wallboard, 
have been made in sizes to fit the layout of studs on 
16-in. centers. The widths of wood frames for many 
types of doors and windows are sized to correspond with 
wall thicknesses. These are instances of successful, but 
isolated, dimensional coordination. Since these efforts 
have been so successful, it is natural to ask why they 
should not be extended to brick, tile, and all masonry ; 
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to windows and doors; and to kitchen, bathroom, and 
heating equipment; in fact, to all sizes of building prod- 
ucts. 

American Standards Association Project A62 was 
assigned the task of finding the answer to this question. 
After considerable research and exhaustive study, its 
answer is an unqualified affirmative, and the Project 
has gone a long way in showing how it is done. 

It is evident that this broad coordination poses a 
problem of a different order than that of two inter- 
fitting parts. Building products comprehend a vast 
assortment of materials and equipment which may 
be used in countless combinations. Their coordination 
requires a basis that is universally and uniformly ap- 
plicable. This basis must guide manufacturers in de- 
termining the sizes for their products and must provide 
architects with a direct relationship between these sizes 
and building dimensions. 

The first task of Project A62, which was to develop 
such a basis, has been done; in fact, coordination has 
been developed to the point where it can now be used 
to great advantage. To assist the architect in plan- 
ning postwar buildings, some of the underlying and 
basic principles are examined and explained. 


ll. Use of Standard Module 


The standard module, a 4-in. unit, was selected be- 
cause it affords the maximum standardization and sim- 
plification consistent with present building practice. 
The cube indicates that the unit is used in all three di- 
mensions of the building. 

The basis for coordination is a three-dimensional grid 
spaced on the standard 4-in. module (Fig. 4). As- 
sembly drawings and building lavouts are related or 
“referenced” to this standard grid. The grid guides 
manufacturers in determining the coordinated sizes 
for their products and provides architects with a direct 
correspondence between the sizes of parts and the lay 
out dimensions. The building and its components are 
thus related to a common measure and brought under a 
uniform control. 

Correlation between the sizes of building materials 
and the dimensions of the building is the very essence of 
coordination. Through the complex and intricate maze 
of materials and equipment that comprise a modern 
building, the continuous and uniformly spaced lines of 
the grid act as the warp and woof of dimensional har- 
mony. Upon them the most complicated structure 
may be woven by the most direct and simple means yet 
placed in the hands of the architect. 

Details that are referenced to the grid are called 
‘‘modular details."’ Grid lines, shown in Fig. 5 and in 
all subsequent drawings, are dot and dash lines, and 
they are a part of all modular details whether drawn or 
printed. Referencing is accomplished by dimensions 
to the grid lines which establish definite grid locations 
for the parts involved; for example, Fig. 5 represents 
the grid location for a typical wall in plan. If the wall 
thickness is 4 in. minus the fixed amount d, then the 
dimensions '/,d, to the grid lines establish a definite 
grid location for the wall surfaces. Usually there would 
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be many of these typical walls in any one building. 
The grid location established for each of them by the 
'/,d dimensions on the modular detail would remain un- 
changed. 

The fact that modular details establish grid locations 
which are maintained by the building layout is the en- 
tire basis for coordination. Any layout dimension that 
fulfills this requirement references the building plan to 
the grid. Figure 6 shows how simply this dimensional 
relationship applies. Whatever type of dimension is 
used for the layout, parallel walls of this thickness will 
be placed so that the distsices between them are al- 
ways multiples of 4 in., plus the fixed amount d. 

In a 2- by 4-stud partition, the framing may be 
placed symmetrically between grid lines, and this grid 
location would normally be maintained for all such par- 
titions. Any part or assembly of parts may thus be 
referenced to the grid and become a modular detail. 
The basic method of coordination imposes no limitation 
on the sizes that may be used. The dimensions of 
modular products or their assemblies to form walls or 
floors do not have to equal some multiple of 4 in. or 


Fig. 7.—Referencing of building layout by dimensioning 
method which shows relationship to the continuous 4-in 


grid. 


Correlation obtained by relationship of building 
plan to grid with simple 4-in. dimensioning 


even closely approximate it. For example, 2 by 4 studs 
happen to be nominally 4 in. wide, but such an approxi 
mation to 4 in. is not required. As another example, 
one wall of a bathroom often uses 2 by 6 studs to pro 
vide space for a soil pipe; if 2 by 4 studs are assumed to 
be 15/3 by 3° sin. and 2 by 6 studs 15/5 by 5°/s in., then 
one face of the 2 by 6 stud is placed */;5 in. back of the 
grid line so that in the adjacent room the wal's, which 
include 2 by 4 studs, may have uniform grid locations for 
finish. On the bathroom side, the stud faces are 2° , in. 
from a grid line; details for the installation of bath- 
room fixtures against this wall would be based on this 
grid location. Any economic wall thickness may thus be 
accommodated. This same principle applies to floor 
thicknesses. 

Building layouts are made at such small scale that it 
would be inconvenient, if not impossible, to show the 
grid lines. The grid, however, is literally on the archi- 
tect’s scale, and all that is needed for referencing is a 
method of dimensioning which shows a definite relation- 
ship to the continuous 4-in. grid (see Fig. 7). 

Figure 8, for example, shows two parallel 2- by 4- 
stud partitions. The distance, A, between stud faces, 
equals some multiple of 4 in., B, plus */s in., maintain 
ing the grid location established by the modular detail. 
All the architect need show on his layout is the 4-in. 
dimension, B, and 4 in. for the partition thickness. 
Grid dimensions between parallel grid lines have the 
obvious advantage of being simple 4-in. multiples and 
of avoiding fractions of inches. Furthermore, they give 
directly the relationship of the building plan to the 
grid and thus accomplish the essential correlation. 

Another common condition is shown in Fig. 9 where 
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Fic. 9.—Examples of difference between grid and actual 


dimensions; in this case, center-line dimensioning could 
be recommended 

6 -0 > 4 5-8 > 
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Fic. 10.—Arrow and dot symbols used to distinguish 
between grid and nongrid dimensions; arrow at end of 
dimensions indicates coincidence with grid line; small dot 
indicates nongrid dimensions 


the difference between grid and actual dimensions is 
much larger than the */s in. in the upper drawing; for 
example, the difference for the solid plaster partition, 
shown in the lower drawing, would be 2'!/,in. Although 
grid dimensions, for many types of construction, afford 
a simple means of referencing building plans, this parti- 
tion illustrates a case where the center-line dimension 
might be more convenient; center lines are often used 
to locate partitions, columns, and openings. 

Figure 10 shows that center-line dimensions are not 
necessarily grid dimensions, even when they are 4-in. 
multiples. In order to keep track of the grid on the 
layout, some convention is needed to distinguish be- 
tween grid and nongrid dimensions. Arrow and dot 
svmbols have been adopted for this purpose. The arrow 
at the end of a dimension line indicates coincidence with 
a grid line; the small dot is otherwise used. The drafts- 
man and all others who use the drawing may thus see at 
a glance the relationship of the layout to the grid. 

The simplicity of this method is now becoming appar- 
ent. Nearly all building materials have been, and un- 
doubtedly will continue to be, characterized by dimen- 
sions that include fractions of an inch; however, be- 
cause assemblies of collateral materials are referenced to 
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Working drawings for hospital extension in 
nominal masonry dimensions. 


9'-8" 


Fic. 12 
portion inclosed by heavy broken lines; 


Eularged dimensions of Fig. 11, lower right 
portion of wing 


plan with layout dimensioning with grid and nongrid 


dimensions 


the grid by means of modular details, the dimensions of 
the building itself, such as walls and openings, can be 
expressed in simple grid or nominal dimensions. It is 
easy to think in nominal terms; difficult to think in 
terms of fractions. For this reason, the term, 2 by 4, 
is used and not 15s by 3°/s. This is also the reason why 
it is easy to think of dimensions such as 6 ft.—0. in. or 
6 ft.-6 in.; difficult to think in terms of dimensions 
that include fractions. 

Figure 11 shows how these principles were applied to 
the preliminary working drawings for a hospital exten- 
sion. The exterior walls are nominally 20 in. thick. 
The nominal masonry dimensions for this wing are grid 
dimensions because the exterior nominal wall faces are 
on grid lines. 

The lower right portion enclosed by the broken lines 
is shown enlarged in Fig. 12. This portion of the wing 
plan shows layout dimensioning and how the layout 
involves both grid and nongrid dimensions, the latter 
indicated by the dot. The wall comprises 4 in. of 
facing brick, 8 in. of backup, a 4-in. air space, and 
Grid dimensions are used for the 

columns are centered between 
dimension between columns 


t-in. partition tile. 

masonry, while the 
grid lines. The 9 ft.—S in 
is not a grid dimension although it is a multiple of 
4 in. The use of the dot symbol prevents any misun- 
derstanding. These dimensioning symbols show tmme- 
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Fic. 13.—-Masonry-wall dimensions showing brick plus 


joint unit. 


diately the relation of each portion of the building to 
the grid without drawing the grid itself. 

The value to the architect of drawings dimensioned 
on this basis is clear. The drawings are simple, rapid, 
easily read, and quickly checked. Modular details that 
apply to the drawings may be indicated by number and 
by conventional section lines. These modular details 
will probably include approved Project A62 details and 
modular details designed by the architect for the par- 
ticular job. In every case, however, their applicability 
is a known and constant factor. 

Dimensional coordination places no restrictions upon 
the architect in making preliminary sketches. Those 
who prefer to use a large layout module for the initial 
planning can continue this practice, but it is suggested 
that some multiple of 4 in. be used. It is in the transi- 
tion from studies to preliminary workmg drawings 
that coordination should first be considered. The 
changes of dimensions that then may be involved do 
not exceed 2 in., which is negligible on small-scale 
sketches. Preliminary working drawings are developed 
from convenient grid points, taking into account the 
modular details for various portions of the structure. 

Thus, in using dimensional coordination, the build- 
ing plan and structural details are referenced to the 
grid. Producers of building materials use modular de- 
tails in designing their stock sizes; their modular prod- 
ucts and approved modular details then automatically 
fit the plans and harmonious interfitting of parts re- 
sults. This simplifies dimensional problems and also 
reduces waste of cutting and fitting in the field. 


Ill. Sizes of Modular Products 


What the sizes of various modular products are and 
how particular assembly details for them are located on 
the grid are matters of importance to the architect be- 
cause these facts govern a layout. Each type of con- 
struction and each structural material has its own pecu- 
liar problems. Two important classes of materials, 
masonry and windows, will be discussed. 

The masonry-producing industries, after years of 
study, have determined the variety of units needed for 
coordination. The structural clay products and the 
concrete masonry industries have decided to manufac- 
ture these products in standard modular dimensions. 


Fic. 14.—-Combined masonry units used according to 


nominal unit sizes. 


Modular masonry, which will be available after the war 
when new equipment and labor for manufacturing is 
available, includes brick, structural tile, facing and 
glazed clay products, and concrete masonry units. 

Masonry coordination has for a main objective a 
simple correlation of wall-layout dimensions with the 
sizes of units. These unit sizes affect wall lengths and 
heights as well as thicknesses. The sizes of openings for 
windows, doors, and other items also involve masonry 
units and shapes. Masonry thus has an important 
bearing on the sizes for many classes of building prod- 
ucts and inevitably plays a major role in coordination. 

Masonry coordination is to a considerable extent de- 
termined by the fact that units are laid up with mortar 
joints of appreciable thickness. Masonry-wall dimen- 
sions include the joint as well as the unit; for example, 
in brick walls, one brick-plus-joint is the significant di- 
mension and, with the usual half bond between brick, a 
half of the brick-plus-joint dimension becomes the unit 
for layout (Fig. 13). When the wall layout is referenced 
to the standard grid, 4 in. is the layout unit, which indi- 
cates that the brick-plus-joint length should be 8 in. 
This is exactly the dimension that has been adopted for 
the length of modular brick. 

The fact that a brick-plus-joint dimension is the 
standard is significant because the thickness of joints 
differs for various types of brick. With modular brick, 
the brick length plus joint always is equal to 8 in. and 
the actual brick lengths differ slightly to compensate for 
the variations in joint thickness. This rule applies to 
all three dimensions of the brick, and, in fact, to all 
types and sizes of modular masonry units. 

The familiar joint center-line masonry dimensions 
are termed nominal. These dimensions are useful be- 
cause they often avoid fractions of inches and may be 
identical with 4-in. grid dimensions. All modular ma- 
sonry units are based on standard nominal unit sizes. 
In the stretcher courses, corners and bond-wall inter- 
sections can be turned without cutting the brick or 
varying the joint thickness. Header brick for bonding 
are offset 2 in. and call for the use of three-quarter 
stretchers. The nominal thickness of solid brick walls 
is then 4 in. for each wythe. 
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Fic. 15.—Modular detail’of normal masonry jamb in 12-in 
wall. 


Because some of the figures show a grid location for 
each brick, it should not be inferred that an impractical 
degree of accuracy is required of the manufacturer or of 
the mason. Brick will continue to vary in size within 
permitted tolerances, and the mason will handle them 
very much as he always has, except that he now has 
the standard 4-in. grid plainly marked on the ordinary 
foot scale as indicated in Fig. 7. If one brick is a little 
short, the following brick may be laid a little behind the 
scale until a brick that is a little long is found. Of 
course, if cutting the bri¢k is to be avoided, the average 
joint thickness for the job will be exactly the difference 
between the standard nominal unit and the average 
size of brick that ts delivered. 

The coordination of concrete masonry units is ex 
tremely simple. The industry has adopted */s in. as the 
standard thickness of mortar jomt, making the full-size 
block 15° 5 by 7° s by 7° sin. With the half bond of 
block in alternate courses and the 8-in. nominal course 
height, S-if. wall dimensions are used whenever possible. 

One of the advantages of coordination is that various 
types of masonry units may be used in combinations 


according to their nominal unit sizes (Fig. 14). The 
fact that the facing brick use * s-in. joints and the 
backup tile '/.-in. joints presents no difficulty. The 


joints between dissimilar units are always the average 
of the joints used with each. 


IV. Coordination of Masonry and Metal Windows 

Coordination between different classes of products is 
illustrated by the window sizes that have been de- 
veloped to fit with modular masonry. The modular de- 
tails for jamb, head, and sill, showing their satisfactory 
installation, establish grid locations for the masonry 
openings and for the windows. Layout dimensions are 
selected so as to maintain these locations, preferably by 
the use of 4-in. grid dimensions. 

The metal window industry has adopted coordinated 
sizes for all types of solid-section steel windows, except 
the lightweight residential casements. This coordina- 
tion is based on uniform 4-in. spacings for the fixed bar 
For solid-section windows, bar spacings 
This per- 


center lines. 
are 20) in. horizontally and 16 in. vertically. 
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Fic. 16.—-Group windows showing use of extendable’ 
mullion to obtain 7/j, in. (minimum) distance between 
bar center and masonry. 
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Fic. 17.—-Masonry head detail with special 3-in. lintel 


brick used in stretcher or soldier position. 


mits a wide variety of window types to fit interchange- 
ably in masonry openings, which are laid out in simple 
4-in. dimensions. Approved details for an installation 
which apply uniformly to these layout dimensions can 
be used. 

Figure 15 shows the modular detail of a normal ma- 
sonry jamb in a 12-in. wall. The windows are in- 
stalled in prepared openings after the rough trades are 
through. One way of accomplishing this is by the 2-in. 
nominal recess in the backup masonry, which provides 
ample space for installation and requires only standard 
fractional backup units. These may be either backup 
tile, kerfed for a 2-in. break as shown, or three-quarter 
brick lengths. It is desirable to establish standard re 
cess dimensions for the economical standardization of 
masonry. 

Since window widths are 4-in. multiples, it would be 
natural to place the bar center on the grid line at the 
jamb. This would make the distance to the outer ma 
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-All-purpose, double-hung wood window frame 
that fits wood or masonry construction. 


Fic. 18. 


sonry only half the mortar joint, which, for some types 
of windows, would interfere with ventilator operation. 
The minimum distance between the bar center and the 
masonry that will accommodate all windows is 7’; in. 

In group windows, this dimension is easily obtained 
by an extendable mullion; with a */s-in. mortar joint 
for the facing brick, a single mullion would be set to 
give a '/,in. offset from the grid line at each jamb. 
This results in a dimension of 3'/. in. between bar cen- 
ters at the mullion. 

The horizontal layout of group openings may be ac- 
complished by nominal masonry dimensions which are 
also grid dimensions. These simple dimensions fit all 
modular masonry and any type of modular solid-sec- 
tion steel window. 

The installation of single windows, without a mul- 
lion, requires a slight compression of vertical masonry 
joints, amounting to */,. in. per jamb if a '/,-in. brick 
joint is involved. The grid dimension for the opening 
is no longer a nominal masonry dimension, but it can 
still be used for the lavout if the masonry offset is cov- 
ered clearly by a suitable notation. 

Vertically, the bar centers are placed * s in. below 
grid lines. The reveal below the lintel angle is 7) js in., 
the same as at the jamb. The location for the face of 
the frame, already fixed by the jamb detail, requires 
the lintel angle to be set forward. 

The masonry head detail in Fig. 17 shows special 
lintel brick, 3 in. wide, which may be used in either 
stretcher or soldier position. These brick may be field 
cut or, because of their standard application to window 
installations, they may be manufactured as a standard 
item. The masonry backup is raised one brick course 
to provide a recess at the head. By the use of blocking, 
the plaster line is so located that the space for the mold- 
ing is the same as at the jambs. The window is secured 
to the lintel angle by clips. Of particular interest to 
architects is the fact that such modular details enable 
windows to be located vertically by a’dimension to the 
grid line at the head; here again, grid dimensions may 
be used which avoid fractions of inches. 
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Fic. 19.—-Large-scale view of jamb with window frame 

in detail and masonry jamb in profile; sash face of frame 
2 in. from grid line at opening 


At the sill, the bar center is also © s in. below a grid 
line. The bed joint under the masonry sill is centered 
on a grid line, making the distance to the grid line at 
the head a multiple of Sin. The sill may thus be used 
with any coordinated steel window and, at the same 
time, fit exactly the course heights for any kind of brick 
or 4-in. or 8-in. course heights. 


V. Coordination of Masoriry and Wood Windows 

The coordination of masonry and windows includes a 
great variety of masonry units and many types of 
windows. As a further illustration of what has been 
accomplished, examples of the use of wood windows and 
frames will be discussed. 

The Ponderosa Pine wood window industry has 
adopted new wood window and sash standards that 
meet modular coordination requirements. These win- 
dows and sash have a large range of sizes which may be 
used with all types of modular masonry. Wood window 
frames have also been developed that can be used with 
modular wood windows and sash, including an all- 
purpose, double-hung wood window frame that fits 
either wood or masonry constructions, has a wide 
variety of siding and interior finish thicknesses, and 
can be installed in a concrete masonry wall. 

Figure 18 shows the window in elevation super- 
imposed upon the grid. Sash opening widths are 4-in. 
multiples and heights are 4-in. multiples plus 2 in. 
Since the space for the bed mold is about 2 in., the edge 
of the sash is centered between grid lines. Approxi- 
mately the same space is needed at the top of the sash. 

Modular details, as shown in Fig. 19, have been sub- 
mitted to the industry for final approval. The large- 
scale view of the jamb shows the window frame in 
detail and the masonry jamb in profile. The sash face 
of the frame is located 2 in. from the grid line at the 
opening; this provides for a 2-in. bed mold and calking 
space. Two elements of this frame deserve special no- 
tice, as follows: (1) The shape of the extension blind 
stop, the result of careful design, permits it to be re- 
versed so that in wood frame walls the window may be 
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Fic. 20.—-Lower edge of sash approximately on grid line; 
lug sill, 2 brick high, available for brick walls 


BRICK STONE. 


Fic. 21.—Other types of sills that may be used with 


window Ss 


installed with either sheathing of standard thickness or 
sheathing ' , in. thick; and (2) a series of jamb liners 
permit this frame to meet a great variety of interior 
finish thicknesses. 

The exterior masonry jamb has the normal location, 
one-half joint from a grid line. A nominal 2-1n. recess 
provides an optimum space for the weight box. The 
standard recessed jamb block fits these conditions. 
For patented balance windows, the standard grooved 


(1945) 


Fic. 22.—Model wall showing versatility of coordination 
in combining different types of building materials. 


block is used and the extension blind stop is ripped 
down */, in. 

The window heights, as stated previously, are 4-in. 
multiples plus 2 in. and the head space to match the 
jamb space should be about 2 in. As a result, the lower 
edge of the sash will be approximately on a grid line 
(Fig. 20). It was considered desirable, however, to have 
the usual two-brick high lug sill available for brick 
walls. To accomplish this, the lower edge of the sash is 
set to a fixed dimension below the grid line. With the 
lower edge of the sash °,;. in. below a grid line and the 
4-in. multiple plus 2-in. window heights, the sash is 
2° /,¢in. below the grid line at the head. This gives com- 
fortable space for the bed mold at the head plus calking 
and the lintel angle. 

The recess in the lintel is the same as for steel win- 
dows, so that only a few standard types and sizes of pre- 
cast lintels are needed. Space is also available for over- 


head balances. 

Figure 21 shows other types of sills that may be used 
with windows. It suggests a small part of the work that 
has been dene in coordinating windows and masonry. 
Coordinated sizes have been determined for a great 
variety of window products and masonry constructions, 
including most of the conventional types of sills and 
lintels. Modular details have been developed for many 
different combinations of these products and provide 
the versatility that is essential for practical design. 
This economical standardization and imterchangeability 
of parts is one of the main objectives of Project A62. 

A model wall (Fig. 22°, shown at a Califormia exhibit, 
further illustrates the versatility of coordination in 
combining many different types of building products. 

An article on modular masonry! under a paragraph 
heading, ‘‘Building’s Big Chance,”’ states, 

With an established common denominator of dimension, 
building will have a unique opportunity for design improve 
ment. Architects will find that harmony is much more 


'**Modular Masonry,” Architectural Forum, 80 (6) 146 
June, (1944). 
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easily achieved when all building measurements are related. 
And although details are standardized, this does not indi- 
cate standardization of the finished building. Individual 
design will not be lost. 

Merely because it is unfamiliar the modular system may 
seem complicated at first. As a matter of fact it never 
does become quite as simple as playing with blocks ..... 
But when has designing a building been easy? 

With modular design, however, formerly insoluble prob- 
lems will find an answer and improvements will constantly 
be worked out. The increased ease with which architects 
and builders can do their work will be a great time and cost 
saver. Manufacturers will at last have a realistic basis for 
figuring out the dimensions of their products. For the 
first time in history the building industry will no longer be 
flying blind. 

MopvuLar SERVICE ASSOCIATION 


110 ARLINGTON STREET 
Boston 16, MASSACHUSETTS 


Freedom from Fractions—Discussion 
on Dimensional Coordination* 


By FREDERICK HEATH, JR.T 


Fractions cause friction. In the past, manufacturers 
have picked the even-inch dimensions, such as 8-in. 
brick, 12-in. tile, 16-in. blocks, 12- by 18-in. glass sizes. 
This leaves the problem of fractional-inch dimensions 
first with the sash manufacturer for bar centers and 
window-frame sizes; then with the architect, who must 
juggle various masonry joint fractions with even-inch 
unit sizes and try to correlate them to fractional-inch 
window-frame sizes. 

Is it little wonder that the architect looks at modular 
coordination as his freedom from fractions? And 
can you blame the materials producer for resisting any 
attempt to shift the fractions to his product? 

Assuming complete mutuality of interest and a desire 
to analyze and solve this problem to produce the least 
effort in the total task of designing buildings, producing 
materials, and assembling them into buildings, what are 
the facts? 

They cannot be well analyzed without a comprehen- 
sive understanding of the technique of modular coor- 
dination. Adams and Bradley have presented this sub- 
ject. Their paper explains that these fractions are not 
eliminated, but their use has been made quite painless. 
The fractions become standardized in relation to each 
building product. The nominal product dimensions 
based on modular coordination are not only in even 
inches but in nearly all cases in even modules of 4 in. 
This method permits a simplified drafting technique 
whereby the architect is really emancipitated from the 
slavery of juggling fractions which have caused him 
great agony if not complete frustration in the past. It 
greatly facilitates the layout which provides for an ac- 
curate interfitting of various building products and with 
a minimum of effort. The result is a high efficiency that 
will lower the cost of drafting and of building. 

To what extent is the fractional problem transferred 
to the products, and what are the consequences in re- 
spect to production of these, products? 

* Received May 23, 1945. 

+ Chairman, Technical Subcommittee on Modular Prod- 
ucts, The Producers’ Council, Inc., and representative of 
The American Ceramic Society on ASA Project A62. 
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The fractional problem should be explained. With 
existing products and building methods, any effort to 
accomplish a harmonious interfitting of products by 
carefully studied layout drawings involves a great com- 
plexity of fractions. Sometimes increments pf measure, 
such as a brick length plus a joint, can be utilized by 
multiplication to determine wall dimensions, overall, 
and in parts, such as from corner to openings, piers, 
and sill and lintel heights. Of course, such an increment 
is itself a fraction like 8'/, in. or 8°/s in. for brick spac- 
ing or 25/sin. or 2°/, in. for coursing, depending on joint 
thickness. As such, it is not easy to multiply or to 
check. Many arithmetical errors are made at this stage. 

The problem, however, is seldom one of simple mul- 
tiplication of this fractional increment. Even where 
windows and doors may be custom made to fit exactly 
into an opening that results from leaving out a rectangle 
of masonry units, an architect must understand that 
the actual masonry-opening dimensions are not exact 
multiples of the design increment but are increased at 
the opening by the thickness of one mortar joint. The 
over-all dimensions of the wall or building are also de- 
creased by one joint thickness. Other similar dimen- 
sioning rules must first be understood and then used 
consistently to arrive at the accuracy desired. At- 
tempts to simplify this problem are evident in the brick 
scales and coursing and spacing tables that have been 
supplied to architects. Frequently, an architect will 
devise his own scales or tables for a particular job. 

Consistent use of a masonry increment is possible only 
where windows and doors are custom made to fit the 
increment or natural masonry openings. To the gain 
from efficient assembly of masonry units, the premium 
cost of custom-made windows and doors must be de- 
ducted. 

After subtracting the frame, sash, and muntin bar 
thicknesses, the resulting glass sizes are not likely to be 
in even inches, as desired by window-glass manufac- 
turers. Neither are there apt to be any simple variety 
of sizes. In fact, almost infinite variety is necessary to 
fulfill all the different conditions to be met. These arise 
from a large assortment of masonry increments, open- 
ing sizes, different frame and sash materials, and fenes- 
tration design. Without any pattern to control this 
endless variety of fractional-inch sizes, lights cannot be 
mass produced and stocked by the glass manufacturers. 

For obvious reasons, the glass manufacturer must 
have continuity of production based on some pattern of 
standard sizes. Tradition has dictated that these sizes 
be in even inches or in two-inch multiples. The end- 
less variety of fractional-inch sizes is then cut as re- 
quired from available stock sizes. It is understandable 
that this involves added costs which must be reflected 
in the price of any custom-made product. 

It is not surprising that stock windows have been de- 
signed to accommodate stock glass sizes. No other pat- 
tern for dimensioning has been apparent to window pro- 
ducers. So steel sash for factories have been based on 
12- by 18-in. or 14- by 20-in. glass sizes, and wood 
windows for houses have been based on 28- by 32-in. 
glass sizes. The resulting window dimensions are a 


complex summation of simple glass sizes, fractional 
Vol. 28, No. 8 


: 
| 

age 
4 

OM 

Tee 

3 

1 

mil 


Freedom from Fractions 227 


muntins, sash and frame thicknesses, with no dimen- 
sional increment resulting that can apply to over-all 
window dimensions. 

The problems of the architect who prefers to utilize 
stock windows and doors should also be considered. 
With no dimensional increment governing variations in 
sizes of the windows and even less chance of coincidence 
with any increment governing variations in masonry- 
wall dimensions, he really faces a dilemma of fractions 
in trying to correlate the use of these two products into 
harmonious interfitting relationships. In fact, it is 
nothing short of a miracle where this is done, and in all 
cases, it represents tedious hours of labor through trial 
and error methods of adjusting increments in different 
portions of the building. The paper illustrates sych a 
case on a housing project. 

In practical building, the miracle of thorough coordi- 
nation of dimension&lly unrelated parts is rare indeed. 
The contractor does the best he can. Sometimes he can 
fudge a window an inch or two from the indicated di- 
mension so that it will align with the normal masonry- 
jamb or framing stud, at least at one edge, but almost 
invariably his only recourse is to cut and fit, wasting 
materials and labor until the job is done. These ad- 
justments must necessarily be made on the material 
that can be cut and redimensioned to fit. There is no 
waste of steel windows, but there frequently is excessive 
waste of masonry units or of the lumber which sur- 
rounds the steel windows. Figures | and 2 of the paper 
by Adams and Bradley tell the story. The sum total 
waste is a tremendously burdensome tax on building. 

Does modular coordination transfer this headache of 
fractions to the materials producer? If the manufacturer 
suspected that he were to be put to such torture, it is 
little doubt but that he would voice strong oppostion. 
Fortunately, this is not the case. The manufacturer 


does inherit some fractions, but they are standardized 
fractions used in such a consistent and uniform manner 
that the headache does not go with them. 

The problem then becomes one not of fractions but 
of inconsistent and variable use of unrelated elements 
in a multiplicity of ways. There is no order, no logical 
basis for organization of the unrelated elements into a 
harmonious whole. Most architects, in despair, ignore 
any semblance of relationship that may exist, particu- 
larly for masonry units, and fix their dimensions either 
in foot increments or simple fractions of a foot, such as 
4 or 6 in., or permit abstract design factors such as sym- 
metry to govern. By so doing, they add still another 
unrelated factor to complicate the assembly of building 
materials and increase the waste that must result from 
cutting and fitting. 

In general, there is no reason why stock building prod- 
ucts cannot be produced just as efficiently in fractional- 
inch dimensions as even-inch dimensions. This may 
not be true in a line of products if the variety of sizes 
were increased over those formerly offered in even-inch 
dimensions. As a matter of fact, however, the module 
usually affords an opportunity for decreasing the variety 
of sizes that needs to be offered. The modular standardi- 
zation program of the Metal Window Institute, for 
instance, reduces some 30,000 window sizes to approxi- 
mately 300 standard modular openings. 

Thus, the headache associated with fractions, as 
heretofore known to architects, vanishes into thin air. 
The true benefits of modular coordination can be 
shared by both the architect and the producer. The 
end result is the elimination of the needless tax of waste 
in building 
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TRUSTEES FROM INDUSTRIAL DIVISIONS* 

Design: W. A. Weldon, Locke Insulator Corp., Balti- 
more 3, Md. (1946) 

Enamel: R. L. Fellows, Chicago Vitreous Enamel 
Product Co., Cicero 50, Ill. (1946) 

Glass: J. S. Gregorius, Pittsburgh Plate Glass Co., 
Pittsburgh 19, Pa. (1947) 

Materials and Equipment: E. M. Rupp, Clinchfield 
Sand & Feldspar Corp., 410 Northridge Rd., 
Columbus 2, Ohio (1948) 

Refractories: J.B. Austin, U. S. Steel Corp., Kearny, 
N. J. (1946) 

Structural Clay Products: J. H. Isenhour, Isenhour 
Brick & Tile Co., Salisbury, N. C. (1948) 

White Wares: J. W. Hepplewhite, Edwin M. 
Knowles China Co., Newell, W. Va. (1947) 

Institute of Ceramic Engineers: H. M. Kraner, Bethle- 
hem Steel Co., Bethlehem, Pa. (1947) 

Ceramic Educational Council: R. M. Campbell, New 
York State College of Ceramics, Alfred, N. Y. 
(1947) 

* Date of expiration of term of office in parentheses. 


DIVISION OFFICERS 
Design 


Chairman: Theodore Lenchner, Vitro Mfg. Co., 
Pittsburgh, Pa. 
Secretary: Marion L. Fosdick, New York State 
College of Ceramics, Alfred, N. Y. 
Enamel 
Chairman: W. W. Higgins, A. O. Smith Corp., 
Milwaukee 1, Wis. 
Secretary: D. G. Moore, National Bureau of Stand- 
ards, Washington 925, D. C. 
ass 
Chairman: Louis Navies, Genera! Electric Co., 
Schenectady 5, N. Y. 
Secretary: S. R. Scholes, N. Y. State College of 
Ceramics, Alfred, N. Y. 
Materials and Equipment 
a J. F. Day, 1901 Dresden Rd., Zanesville, 
io 
Secretary: WW. E. Dougherty, O. Hommel Co., 
Pittsburgh 30, Pa. 
Refractories 
Chairman: S. M. Swain, North American Refrac- 
tories Co., Cleveland 14, Ohio 
Secretary: A. Freeman, A. P. Green Fire Brick 
Co., Mexico, Mo. 
Structural Clay Products 
Chairman: R.L. Ferguson, Yankee Hill Brick Mfg. 
Co., Lincoln, Nebr. 
Secretary: G. M. Norwood, Rickman Brick Co., 
Lillington, N. C. 
White Wares 
Chairman: R. M. Campbell, New York State Col- 
lege of Ceramics, Alfred, N. Y. 
Secretary: P. McNamara, Pfaltzgra# Pottery 
Co., York, Pa. 
INSTITUTE OF CERAMIC ENGINEERS 
President: T. A. Klinefelter, Southern Expt. Sta., 
U. S. Bureau of Mines, Tuscaloosa, Ala. 
Vice-President: C. M. Dodd, lowa State College, 
Ames, lowa 
Secretary: Robert Twells, Electric Auto-Lite Co., 
Spark Plug Div., Fostoria, Ohio 
CERAMIC EDUCATIONAL COUNCIL 
President: A. |. Andrews, University of Illinois, 
Urbana, III. 


Vice-President: Paul S. Dear, Virginia Polytechnic 
Institute, Blacksburg, Va. 

Secretary: Paul G. Herold, Missouri School of Mines 
& Metallurgy, Rolla, Mo. 


LOCAL SECTIONS 
Baltimore-Washington 


Chairman: J. C. Richmond, National Bureau of 
Standards, Washington 25, D. C. 
Secretary: P. J. Yavorsky, National Bureau of 


Standards, Washington 25, D. C. 
Central Ohio 
Chairman: W. E. Cramer, Industrial Ceramic Prod- 
ucts, Inc., Columbus 8, Ohio 
Secretary: John Marquis, O.S.U. Engr. Expt. Sta., 
Columbus 10, Ohio 


Chicago 
Chairman: R. P. Stevens, Chicago Retort & Fire 
Brick Co., 208 S. La Salle St., Chicago 4, Ill. 
Secretary: J. J. Svec, Industrial Publications, Inc., 
59 E. Van Buren St., Chicago 5, Ill. 


Michigan 
——— J. F. Quirk, A C Spark Plug Co., Flint 2, 
Mich. 
Secretary: W. V. Blake, Macklin Co., Jackson, 
Mich. 
Northern California 
— B. W. Wyatt, N. Clark & Sons, Alameda, 
alif. 
Secretary: P. C. Valentine, Del Monte Properties 
Co., San Francisco 4, Calif. 


Northern Ohio Section 
Chairman: E. M. Sarraf, Harbison-Walker Refrac- 
tories Co., Cleveland 13, Ohio 
Secretary: S. M. Swain, North American Refrac- 
tories Co., Cleveland 14, Ohio 
Northwestern Ohio 
Chairman: A. H. Couch, Libbey-Owens-Ford 
Glass Co., Rossford, Ohio 
Secretary: H. A. McMaster, Libbey-Owens-Ford 
Glass Co., Toledo, Ohio 
Pacific-Northwest 
President: Gordon Adderson, Gladding, McBean 
& Co., Renton, Wash. 
Secretary: K.G. Skinner, Bureau of Mines, Univ. o 
Washington, Seattle, Wash. 
Pittsburgh 
Chairman: H. E. Simpson, Mellon Institute, Pitts- 
burgh 13, Pa. 
Secretary: H. M. Parkhurst, General Refractor- 
ies Co., Pittsburgh 22, Pa. 
Southern California 
Chairman: C. S. Chaffee, Latchford-Marble Glass 
Co., Los Angeles 1, Calif. 
Secretary: W. O. Brandt, Gladding, McBean & 
Co., South Gate, Calif. 
St. Louis 
Chairman: H. W. Meyer, General Steel Castings 
Co., Granite City, Ill. 
Secretary: V.E. Wessels 
Upstate New York 
Chairman: H. R. Lillie, Corning Glass Works, 
Corning, N. Y. 
Secretary: Ralph Van Peursem, Rochester Institute 
of Technology, Rochester 8, N. Y. 
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